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AUTHOR'S  PREFACE  TO  THE  EIGHTH  EDITION, 


In  making  my  preparations  for  the  publication  of  an  eighth  edition 
of  my  "  Treatise  on  Pathological  Anatomy,"  I  hesitated  for  a  long  time 
in  regard  to  what  method  of  revision  I  should  adopt.  During  recent 
years  a  number  of  manuals  of  pathological  anatomy  have  been  pub- 
lished, and  the  authors  of  these  seem  to  have  laid  stress  upon  the  point 
that  a  text-book  intended  for  the  use  of  medical  men  should  deal  with 
the  subject-matter  in  the  most  concise  manner  possible ;  they  believed, 
evidently,  that  compendious  treatises  of  this  nature  would  tend  to  pro- 
mote the  study  of  pathological  anatomy,  and  would  at  the  same  time 
render  the  student's  task  easier.  I  carefully  examined  a  number  of 
compends  of  pathological  anatomy  which  had  been  written  from  this 
point  of  view,  but  they  failed  to  convince  me  that  this  was  the  most  use- 
ful manner  of  treating  the  subject.  In  the  first  place,  it  is  not  possible, 
within  the  limits  of  a  small  compend,  to  treat  general  pathology  and 
pathological  anatomy  in  a  scientific  manner.  Then,  in  the  next  place, 
it  is  extremely  difficult,  owing  to  the  richness  of  tha  material  at  our  dis- 
posal, to  avoid  treating  the  subject  in  such  a  mannar  that  the  book,  when 
completed,  shall  not  present  the  characteristics  of  a  mere  catalogue  of 
facts,  which  would  scarcely  convey  to  the  reader's  mind  a  clear  concep- 
tion of  the  processes  that  take  place  in  the  living  body  when  it  or  any  of 
its  organs  are  diseased,  and  which,  furthermore,  would  compel  the  be- 
ginner merely  to  commit  to  memory  those  things  which,  by  the  aid  of 
his  reasoning  power,  he  should  make  a  permanent  and  useful  part  of  his 
medical  knowledge. 

It  is  possible  that  if  a  compend  were  gotten  up  in  the  form  of  a  cate- 
chism, it  might  prove  helpful  to  a  certain  number  of  students  in  acquir- 
ing a  knowledge  of  the  principles  of  general  pathology  and  pathological 
anatomy.  Nevertheless  I  am  disposed  to  believe  that  the  number  of 
those  who  would  derive  satisfaction  from  such  a  catechism  must  indeed 
be  small.  General  pathology  and  pathological  anatomy  should  constitute 
the  foundations  of  that  knowledge  which  is  to  enable  the  practitioner  of 
medicine  to  interpret  correctly  the  symptoms  of  disease  as  they  present 
themselves  before  him  at  the  patient's  bedside.  It  must  be  conceded,  I 
think,  that  simply  a  knowledge  of  the  definitions  given  to  the  technical 
terms  commonly  employed  in  describing  different  pathological  processes 
that  take  place  in  the  living  body,  or  merely  a  superficial  insight  into 
the  pathological  processes  which  affect  individual  organs  and  tissues, 
can  scarcely  suffice  to  furnish  the  practitioner  with  the  fundamental 
knowledge  which  he  requires  for  the  satisfactory  study  of  clinical  medi-, 
cine.  He  might  be  able,  it  is  true,  when  called  to  treat  a  patient  who 
presented  certain  well-defined  symptoms  of  disease— as,  for  example, 
those  belonging  to  an  inflammation  of  an  important  organ — to  form  an 
approximate  idea  of  the  nature  of  this  disease,  and  at  the  same  time  he 


iv  AUTHOR'S   PREFACE   TO   THE   EIGHTH   EDITION. 

would  also  probably  take  satisfaction  in  tlie  tLouglit  that  he  had  already 
been  instructed  in  regard  to  the  occurrence  of  this  very  malady  in  this 
particular  organ.  But  he  certainly  would  not  be  able  to  form  a  clear 
conception  of  the  essential  nature  of  the  entire  process,  or  to  analyze  all 
the  littlo  iDathological  features  which  are  dependent  upon  the  peculiar 
construction  of  the  organ  affected ;  in  a  word,  he  would  not  be  able  to 
interpret,  in  its  full  breadth  and  depth,  the  significance  of  the  disease 
under  observation.  In  his  endeavors  to  understand  each  new  type  of 
disease  he  would,  by  reason  of  his  lack  of  a  i^roper  training  in  the 
fundamental  j^rinciples  of  medicine,  find  his  i:)athway  constantly  strewed 
with  difficulties,  and  he  would  be  forced  in  a  slow  and  plodding  fashion 
to  commit  to  memorj'  the  sequence  of  symptoms  as  they  occur  in  any 
given  disease.  Then,  besides,  he  would  fail  to  grasp  the  connection  be- 
tween the  latter  and  other  correlated  symptoms.  On  the  other  hand,  if 
he  had  previously  received  proper  instruction  in  the  fundamental  knowl- 
edge required,  he  would  at  once  be  able  to  understand  correctly  the  na- 
ture of  the  malady  which  he  has  been  called  to  treat. 

Bearing  all  these  things  in  mind,  I  felt  as  if  it  were  perfectly  clear 
what  my  aim  ought  to  be  in  preparing  this  new  edition  of  my  "  Treatise 
on  Pathological  Anatomy."  In  the  first  place,  it  seemed  to  me  that  I 
should  strive  to  perfect  the  knowledge  of  the  mode  of  origin,  nature, 
and  significance  of  diseases  as  they  occur  in  the  living  bod^',  and  conse- 
quently that  I  should  make  such  improvements  and  alterations  in  the 
text  as  would  carry  out  this  idea.  As  a  matter  of  course,  in  making 
this  revision  I  did  not  forget  for  a  moment  that  descriptions  of  histo- 
logical and  pathologico-anatomical  alterations  must  continue  to  form  the 
foundation-work  of  the  book.  Knowing,  also,  from  experience  how 
greatly  good  illustrations  aid  the  reader  in  understanding  the  nature  of 
these  alterations,  it  «eemed  to  me  that  I  ought  to  provide  a  certain 
number  of  additional  cuts,  carefully  prepared.  At  the  same  time  I  f  jlt 
as  if  more  space  than  was  given  to  these  matters  in  the  preceding  edi- 
tions should  be  allotted  to  the  consideration  of  pathological  processes — 
their  causes,  their  mode  of  origin,  the  course  which  they  pursue,  and 
their  sequelse. 

In  performing  the  task  which  I  had  thus  set  before  me  I  found  that 
extensive  alterations  were  necessary,  especially  in  that  part  of  the  work 
which  treats  of  general  pathology.  On  the  one  hand  I  found  it  neces- 
sary either  greatly  to  alter  or  actually  to  rewrite  certain  chapters,  while 
on  the  other  I  w^as  obliged  even  to  introduce  entirely  new  chapters.  In 
remodelling  this  general  portion  of  the  w^ork  special  consideration  has 
been  given  to  the  subjects  of  general  etiology  of  diseases  and  pathologi- 
cal physiology,  and  in  harmony  with  these  alterations  it  has  seemed  to 
me  advisable  to  change  also  the  title  of  this  general  part.  Accordingly 
I  have  abandoned  the  former  title,  "General  Pathological  Anatomy," 
and  have  substituted  for  it  that  of  "General  Pathology."  The  present 
work,  it  is  true,  does  not  cover  the  entire  field  of  general  pathology,  but 
nevertheless  it  does  treat  of  all  those  portions  of  the  subject  which  are 
ordinarily  taught,  at  least  in  the  German  universities,  by  the  chairs  of 
pathological  anatomy  and  general  pathology. 

The  section  which  deals  with  the  causes,  mode  of  origin,  and  course 
of  diseases  has,  with  the  exception  of  a  few  pages,  been  entirely  rewritten 
and  greatly  amplified ;  and  I  have  gone  more  thoroughly  in  the  present 
edition  than  I  did  in  the  earlier  ones  into  the  subject  of  the  origin  of 
diseases  from  poisoning  and  from  infection,  hoping  thereby  to  provide 
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tlie  beginner  with  a  tlioroughly  clear  and  simple  description  of  the 
pathological  changes  which  take  place  in  these  diseases.  Furthermore, 
I  have  given  full  consideration  to  the  subject  of  the  dissemination  of 
pathological  foci  throughout  the  body  by  means  of  the  processes  known 
as  metastasis  and  embolism,  by  means  of  poisoning,  or  by  means  of  the 
extinction  of  certain  glandular  functions ;  and  at  the  same  time  I  have 
explained  the  relations  of  these  foci  to  pathologically  altered  functions. 
Among  the  diseases  which  owe  their  origin  to  the  extinction  or  modifi- 
cation of  certain  glandular  functions  I  have  given  careful  consideration 
to  diabetes  mellitus,  to  the  cachexia  which  results  from  a  withdrawal  of 
the  influence  exerted  by  the  thyroid  gland  upon  the  economy,  to  myxoe- 
dema,  to  cretinism,  and  to  Addison's  disease. 

I  have  introduced  special  chapters  on  the  protective  mechanisms  and 
forces,  and  on  the  healing  powers  of  the  human  body ;  on  certain  in- 
herited and  acquired  weaknesses  or  predispositions;  on  idiosyncrasy 
and  immunity ;  and  on  the  acquisition  of  immunity  through  the  fact  of 
one's  having  already  experienced  an  attack  of  the  disease,  or  through 
inoculation ;  and  it  is  my  hope  that  these  chapters  will  not  only  supply 
the  practical  needs  of  the  medical  practitioner,  but  will  also  serve  to  in- 
crease the  existing  stock  of  knowledge  in  regard  to  the  origin,  course, 
and  essential  nature  of  diseases,  and  particularly  of  those  which  are  due 
to  infection  and  poisoning. 

The  chapter  on  the  causes  of  internal  diseases  and  on  the  inheritance 
of  certain  pathological  conditions  will,  I  think,  be  found  to  supply  not 
only  a  clearer  bird's-eye  view  of  the  subject,  but  also  at  the  same  time 
more  complete  information  than  did  the  same  chapter  in  the  earlier 
editions. 

The  section  relating  to  disturbances  of  the  circulation  remains  un- 
changed in  its  general  features,  but  it  has  in  many  respects  been  made 
more  complete  than  it  formerly  was ;  and,  besides,  it  has  been  furnished 
with  new  illustrations. 

In  the  section  relating  to  retrograde  disturbances  of  nutrition  and 
infiltrations  of  the  tissues,  the  chapter  devoted  to  hypoplasia,  agenesia, 
and  atrophy  and  that  relating  to  pigment-formation  are  the  ones  which 
have  been  remodelled  to  the  greatest  extent.  In  the  section  devoted  to 
hypertrophy  and  regeneration  I  have  introduced  all  the  alterations  and 
additions  which  the  investigations  of  recent  years  in  regard  to  these 
processes  rendered  necessary. 

The  section  on  inflammation  has  been  entirely  rewritten,  and  the 
definition  which  I  now  give  of  this  process  is  the  same  as  that  which  I 
suggested  two  years  ago  and  published  in  pamphlet  form.  I  am  well 
aware  that  my  views  in  regard  to  the  nature  of  inflammation  will  not  be 
generally  accepted,  and  yet  I  cannot  help  hoping  that,  in  giving  this 
new  explanation  of  pathological  changes  which  have  received  such  varied 
interpretation  at  the  hands  of  different  authorities,  I  may  have  succeeded 
in  furnishing  satisfactory  proof  that,  on  the  basis  of  the  views  here  set 
forth,  all  the  different  processes  which  play  a  part  in  inflammation  may 
be  arranged  in  comprehensive  groups ;  and,  furthermore,  that  the  sepa- 
ration of  the  reparative  processes  of  proliferation  from  those  wdiich  be- 
long more  strictly  to  inflammation — which  latter  are  characterized  by  a 
degeneration  of  the  tissues,  coupled  with  an  exudation  of  pathological 
fluid  products — is  in  harmony  with  the  i:)ractical  needs  of  the  physician 
as  well  as  with  the  unprejudiced  requirements  of  science.  In  describing 
the  healing  processes  which  take  place  in  the  course  of  an  inflammation, 
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the  formation  of  granulations,  the  resorption  of  necrosed  tissues  and 
exudations,  and  the  substitution  in  their  place  first  of  granulation  tis- 
sue and  then  of  cicatricial  tissue,  I  have  striven  by  the  aid  of  numerous 
pictorial  illustrations  to  make  it  easier  for  the  student  to  understand 
these  important  processes,  and  at  the  same  time  I  have  endeavored  to 
manage  my  descriptive  text  in  such  a  way  that  it  should  throw  light 
upon  those  diseases  which  are  most  commonly  encountered  in  actual 
medical  practice. 

The  sections  which  relate  to  tumors  and  malformations  remain  funda- 
mentally the  same  as  they  were  in  the  previous  edition,  and  yet  in  both 
of  these  sections  I  have  rewritten  the  portions  which  refer  to  the  general 
aspects  of  these  subjects,  and  at  the  same  time  I  have  altered,  improved, 
and  amplified  many  of  the  remaining  paragraphs  in  these  sections ,  this 
statement  being  particularly  true  of  the  paragraphs  relating  to  cysto- 
mata,  teratomata,  and  transposition  of  tissues. 

In  the  section  devoted  to  parasites  I  have  given  due  weight  to  the 
results  of  recent  investigations,  at  least  so  far  as  they  seemed  to  me  to 
be  thoroughly  established.  I  have  treated  the  infectious  granulation 
tumors  as  heretofore  in  the  section  devoted  to  parasitic  diseases,  for  it 
would  scarcely  be  possible  to  acquire  a  complete  understanding  of  their 
nature  and  significance  unless  full  account  were  taken  of  the  relationship 
which  exists  between  their  peculiarities  and  the  special  nature  of  the  ex- 
citing cause. 

As  a  result  of  all  these  alterations  and  additions  this  general  part  of 
my  text-book  has  increased  in  bulk;  but,  as  I  have  already  said,  I  be- 
lieve that,  owing  to  the  wealth  of  material  which  must  be  treated  in  a 
text-book  of  general  patholog}',  it  would  scarcely  be  possible  to  handle 
the  subject  more  concisely  unless  important  matters  should  be  entirely 
omitted,  and  unless  the  idea  of  explaining  fully  the  phenomena  of  dis- 
ease in  the  living  subject  should  be  abandoned. 

But,  after  all,  the  extent  of  the  text  which  the  beginner  must  actually 
study  is  less  than  one  might  at  first  suppose  it  to  be,  for  the  illustrations, 
which  have  been  increased  in  number  by  the  addition  of  seventy-two,  and 
the  text  printed  in  small  type  occupy  a  good  deal  of  space  in  the  volume. 

E.    ZlEGLEH. 

Freiburg  im  Breisgau,  November,  1894. 
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In  the  preparation  of  this  new  edition  I  have  endeavored  to  take  fully 
into  account — so  far,  at  least,  as  it  is  possible  to  do  this  within  the  com- 
pass of  a  text-book  like  the  present  one — the  advances  which  have  been 
made  in  general  pathology  and  pathological  anatomy  during  the  last 
few  years.  At  the  same  time  I  have  been  careful  not  materially  to  in- 
crease the  bulk  of  the  book.  In  order  to  accomplish  these  objects  I 
have  subjected  all  the  chapters  to  a  most  careful  revision,  and  wherever 
it  seemed  necessary,  on  account  of  some  new  light  furnished  by  recent 
investigations,  I  have  rewritten  the  text. 

The  number  of  the  illustrations  has  been  increased  from  four  hun- 
dred and  fifty-eight  to  five  hundred  and  forty-four,  in  the  hope  that 
thereb}^  the  text  may  be  rendered  easier  to  understand.  The  most  radi- 
cal alterations  will  be  found  in  Chapters  IV.  and  VII.,  which  have  been 
e-ntirely  rewritten.  I  have  arranged  the  different  kinds  of  degenerations 
which  lead  to  the  formation  of  hyaline  products  in  four  groups  (mucous 
degeneration  not  being  included  in  this  number) :  (1)  The  formation  of 
colloid  by  epithelium  and  the  epithelial  hyaline  concretions ;  (2)  the 
pathological  cornification  of  epithelium ;  (3)  the  amyloid  degeneration  of 
connective  tissue  and  the  amyloid  concretions ;  (4)  the  hyaline  degenera- 
tion of  connective  tissue  and  the  hyaline  products  of  connective-tissue 
cells.  I  believe  that  by  means  of  this  classification  it  will  be  possible 
to  obtain  a  very  good  general  idea  of  the  different  processes  under  con- 
sideration. In  addition  to  the  part  which  relates  to  the  pathological 
formation  of  pigment  I  have  written  something  in  relation  to  the  patho- 
logical absence  of  pigment. 

I  have  divided  the  tumors  into  three  large  groups :  tumors  of  the 
connective  substances,  epithelial  tumors,  and  teratoid  tumors  and  cysts ; 
and  I  have  subdivided  the  epithelial  tamors  into  two  lesser  groups,  in 
one  of  which  the  papillary  epitheliomata,  the  adenomata,  and  the  cyst- 
adenomata  are  to  be  placed,  while  in  the  other  belong  the  carcinomata 
and  the  cystocarcinomata.  My  views  in  regard  to  the  nature  and  origin 
of  tumors  are  essentially  the  same  now  as  they  were  when  I  wrote  the 
last  edition  of  this  work ;  and  I  can  find  nothing  in  the  criticisms  of 
Lubarsch,  Hansemann,  and  others  which  would  lead  me  to  alter  them 
in  any  respect.  Many  new  illustrations  have  been  introduced  in  the 
chapter  on  this  subject,  and  at  the  same  time  the  descriptive  text  has 
been  made  to  cover  the  ground  more  thoroughly  than  before.  In  these 
two  ways,  therefore,  I  believe  that  I  have  succeeded  in  presenting  my 
views  on  tumors  in  a  sufficiently  clear  manner.  Bibbert's  view,  that  the 
separation  of  individual  cells,  or  groups  of  cells,  from  their  physiological 
relationships  constitutes  the  main  cause  of  the  development  of  a  tumor, 
does  not,  as  I  have  already  often  enough  stated,  commend  itself  to  my 
judgment.     I  scarcely  need  to  add  that  I  am  just  as  little  able  as  are 
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others  to  state  what  is  the  original  cause  of  the  atypical  growth  of  the 
tumor  cells.  The  term  "tumor,"  as  is  well  known,  comprises  tissue- 
new  growths  which,  so  far  as  their  origin  is  concerned,  difier  widely  the 
one  from  the  other ;  and  equally  numerous  and  yarious  are  the  causes  of 
this  growth  in  the  individual  cases.  In  fact,  more  than  one  cause  is 
competent  to  excite  growth  even  in  the  malignant  tumors  which  spread 
by  a  sort  of  infiltrative  process.  Then,  again,  the  view  that  parasites 
cause  the  exuberant  growth  of  the  malignant  tumors  lacks  as  yet  a  solid 
foundation;  and  accordingly  I  have  considered  it  wise  to  bring  out  this 
point  in  my  definition  of  tumors.  Finally,  the  disposition  which  still 
exists  in  certain  quarters  to  classify  the  infectious  granulation-growths 
among  the  tumors  as  infectious  tumors,  appears  to  me  only  to  confuse 
the  subject.  This  disposition,  it  must  be  remembered,  first  showed  it- 
self at  a  time  when  nothing  was  known  in  regard  to  the  causes  of  these 
infectious  granulation-growths. 

The  definition  of  inflammation  which  I  gave  in  the  last  edition  has 
been  approved  by  some  aui<horities  and  combated  b}^  others.  The 
arguments  brought  forward  by  the  latter  do  not  api)ear  to  me  to  be  valid, 
and  accordingly  I  have  not  felt  that  I  was  called  upon  to  modify-  my  views. 
Indeed,  a  further  study  of  the  processes  which  take  place  in  inflamma- 
tion has  rather  strengthened  me  in  the  determination  to  maintain  my 
former  position;  and  I  trust  that  the  present  revised  version  of  this 
chapter  on  inflammation  will  also  furnish  satisfactory  proof  that  the 
definition  which  I  have  given  serves  as  an  excellent  standpoint  from 
which  one  may  view  the  different  processes  that  form  an  essential  part 
of  inflammation.  It  was  a  source  of  great  pleasure  and  satisfaction  to 
me  that,  after  the  publication  of  the  last  edition,  some  of  my  highly 
esteemed  colleagues  notified  me  of  their  approval  of  this  definition. 

In  my  presentation  of  the  doctrine  of  infection  and  of  the  efforts  of 
the  organism  to  antagonize  the  effects  of  such  infection,  I  have  been 
careful  to  consult  the  most  recent  publications  on  the  subject,  and  I 
trust  that  no  fact  of  importance  has  escaped  my  attention.  In  the  chap- 
ter relating  to  bacteria  I  have  retained  the  commonly  accepted  classifica- 
tion, and  have  introduced  among  them,  as  before — under  the  name  of 
polymorphous  bacilli,  in  the  group  of  bacilli — those  bacteria  which,  ac- 
cording to  recent  investigations,  assume  different  forms  as  they  advance 
in  their  development.  To  separate  them  from  the  group  of  bacilli  would 
lead  to  a  separation  of  pathological  processes  which  stand  closely  related 
one  to  another,  and  consequently  such  a  step  would  only  render  it  more 
difficult  to  comprehend  these  processes.^ 

Ernst  Ziegler. 

Ereiburg  im  Breisgau,  November,  1897. 

1  As  already  explained  in  an  editorial  note  in  the  eighth  edition,  it  has  been  de- 
cided to  omit  the  bibliographical  lists  which  are  scattered  throughout  the  original  work. 
Their  publication  would  require  fully  two  hundred  additional  pages,  and  their  value,  to 
the  great  majority  of  English-speaking  medical  students,  would  be  comparatively  small. 

— Editor 'S  Note. 
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GENERAL  PATHOLOGY. 


CHAPTER  I. 


Introduction. — Health    and    Disease. — Problems    of 
General  Pathology  and  Pathological  Anatomy. 

§  1.  When  the  act  of  fecundation  is  completed,  by  tlie  union  of  the 
spermatozoon  with  the  germinal  vesicle,  there  occur  in  the  ovum  a  series 
of  changes  leading  to  the  formation  of  a  large  number  of  cells,  and  finally 
to  the  production  of  an  embryo,  which,  in  the  course  of  nine  months  [in 
the  human  species],  reaches  a  definite  stage  of  development,  and  is 
thereupon  expelled  from  the  maternal  organism.  When  it  is  detached 
from  the  latter,  its  growth  continues  until  completed  after  a  series  of 
years,  the  attainment  of  its  physical  maturity  being  followed  by  a  long 
period  of  time  in  which  the  bodily  weight  remains  approximately  the 
same.  After  a  number  of  years — the  extent  of  time  not  going  beyond  a 
certain  limit  either  in  man  or  in  the  lower  animals — the  organism 
perishes. 

In  all  Metazoa,  in  which  the  functions  of  the  organism  are  allotted 
to  certain  cells  and  groups  of  cells,  and  in  which,  furthermore,  the  prop- 
agation of  the  species  is  dependent  upon  certain  definite  cells  which 
are  set  loose  from  the  maternal  and  paternal  organisms,  the  parents  in- 
variably sink  into  death.  For  the  maintenance  of  the  species  the  indi- 
vidual has  onh^  this  importance :  it  produces  the  germinal  cells,  and  in 
the  first  stage  of  development  harbors  and  nourishes  them.  Thus,  if 
the  offspring  be  freed  from  the  maternal  organs  and  be  callable  of  exist- 
ing without  parental  aid,  the  parents,  if  incapable  of  further  production, 
have  become  superfluous  for  the  maintenance  of  the  species,  and  sooner 
or  later  cease  to  exist. 

So  long  as  the  human  organism  lives,  and  is  in  a  condition  which  w^e 
consider  as  one  of  health,  its  manifestations  of  life  show  a  fixed  charac- 
ter, and,  within  certain  limits,  are  the  same  for  all  individuals.  For 
example,  the  bodily  temperature  is  nearly  the  same  for  all  persons,  and, 
notwithstanding  the  changes  in  the  surrounding  media,  varies  only  to  a 
slight  degree.  The  number  of  heart-contractions  in  a  minute  is  confined 
within  certain  limits,  and,  while  differing  somewhat  according  to  age 
and  sex,  their  frequency  does  not  overstep  certain  boundary-lines  for 
any  length  of  time.  The  breathing  is  jDerformed  in  a  distinct  rhythm. 
The  ingestion  of  food,  and  its  changes  in  the  alimentary  canal,  are  made 
up  of  a  series  of  mechanical  and  chemical  phenomena  which  are  always 
repeated  by  the  individual  in  the  same  way.  The  kidneys  secrete  a  fluid 
which  contains  certain  definite  substances  which  are  always  of  the  same 
composition,  and  the  chemical  reactions  going  on  in  the  body  always 
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reproduce  themselves  in  the  same  way.  Again,  the  nervous  system, 
central  and  peripheral,  with  its  end-apparatus,  acts  in  a  certain  manner, 
which  differs  very  little  in  different  individuals. 

The  condition  of  the  organism  which  we  designate  as  disease  is 
principally  characterized  by  the  fact  that  some  function  or  functions  of 
the  organism  are  no  longer  carried  out  in  the  wsbj  which,  from  the  fact 
that  it  occurs  in  all  human  beings,  is  considered  as  normal.  One  there- 
fore recognizes  disease  in  the  greater  or  less  number  of  changes  in  the 
manifestations  of  life,  and  disease  is  nothing  else  than  a  life  the  mani» 
festations  of  w^hich  partly  deviate  from  the  normal. 

Nearly  every  function  through  which  life  manifests  its  relations  to 
the  external  world — in  the  human  organism,  for  instance,  all  the  differ- 
ent and  partly  very  complicated  processes  through  which  the  organism 
accomplishes  its  nourishment,  removes  the  products  of  nitrogenous 
metabolism  from  the  tissues,  and  cares  for  the  maintenance  of  the  si)e- 
cies — brings  with  itself  also  the  manifestations  of  disease.  The  symp- 
toms by  which  we  determine  that  an  individual  is  diseased  are  of  a  very 
manifold  nature ;  thus  it  may  happen  that  the  functions  of  the  organ- 
ism are  increased  or  diminished  or  destroyed,  or  they  may  in  a  greater 
or  less  degree  deviate  from  the  normal.  It  is,  furthermore,  very  com- 
mon, in  a  condition  of  illness,  that  at  the  same  time  not  only  one  func- 
tion, but  many,  may  vary  more  or  less  from  the  normal,  or  even  be 
entirely  suspended.  It  is  therefore  necessary  to  have  an  extended  ex- 
perience, and  it  requires  a  thorough  study,  to  enable  us  to  recognize  all 
the  phenomena  of  disease  and  to  diagnose  correctly  their  meaning. 

The  symptoms  of  disease  are  partly  subjective  and  partly  objective. 
To  the  first  group  belong  the  feeling  of  uncomfortableness,  debilitj- ,  and 
sense  of  painful  feeling  in  some  particular  part  of  the  body  or  in  numer- 
ous parts  of  the  organism :  dyspnoea,  tightness  of  the  chest,  palpitation 
of  the  heart,  loss  of  appetite,  chills,  fever,  etc. — in  short,  a  great  num- 
ber of  phenomena  which  are  referred  partly  to  changes  in  single  organs 
and  tissues  and  partly  to  an  ailing  condition  of  the  whole  organism. 

The  objective  symptoms,  as  well  as  the  subjective,  are  partly  local 
and  partly  general.  The  process  of  the  digestion  of  food  is  often  at 
fault;  the  contents  of  the  bowel  may  be  hurried  along  too  rapidly,  or 
may  be  retarded,  or  may  not  be  discharged  at  all.  The  breathing  is 
changed:  at  times  slow,  then  hurried;  at  times  shallow,  then  deep; 
over  the  lungs  in  these  cases  are  not  seldom  heard  abnormal  sounds. 

The  heart-contractions  are  often  quickened  or  slowed,  strengthened 
or  weakened,  and  often  of  an  irregular  nature;  consequently  the  fre- 
quency and  rhythm  and  quality  of  the  pulse  are  changed.  The  sounds 
which  are  heard  in  the  neighborhood  of  the  heart  may  also  be  changed, 
or  replaced  or  accompanied  by  new  sounds.  The  urine  often  exhibits 
an  abnormal  appearance,  and  contains  substances  which  are  not  nor- 
mally found  in  it.  In  many  forms  of  disease  the  sensitiveness  of  par- 
ticular nerves  is  lowered ;  in  others  it  is  increased.  In  the  muscles  there 
is  sometimes  more  or  less  paralysis ;  at  other  times  involuntary  contrac- 
tions are  present.  In  the  central  nervous  system  the  greatest  variety  of 
disturbances  of  function  may  appear,  determining  conditions  of  excitation 
as  well  as  those  of  depression  or  paralysk.  Yery  often  the  bodily  tem- 
perature, which  normally  rises  and  falls  only  within  certain  limits,  is 
elevated,  often  ver^^  markedly,  above  the  normal;  and  that  condition 
which  we  designate  a,s.  fever  is  mainly  characterized  by  the  increase  of 
the  proper  warmth  of  the  body. 
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The  tissues  of  the  body — that  is,  the  cells  and  their  derivatives,  of 
which  the  tissues  are  composed— constitute  the  material  substratum 
upon  which  the  processes  of  a  healthy  life  depend. 

Diseased  life  is  connected  with  the  same  material  substratum,  and 
what  we  consider  as  its  symptoms  are  the  life  manifestations  of  the 
tissues  and  of  the  organs  of  the  human  body. 

The  function  of  a  tissue  is  dependent  upon  the  organization  of  its 
component  parts.  A  kidney  cannot  perform  any  other  function  than  the 
secretion  of  urine,  and  the  constituents  of  the  bile  can  be  separated  only 
by  the  liver-cells. 

If  the  functions  of  any  tissue  manifest  a  change  from  the  normal,  it 
necessarily  follows  that  the  organization  of  the  tissue  in  question  is 
changed.  Concerning  the  character  of  such  changes  experience  alone 
gives  an  explanation,  and  experience  has  shown  that  in  most  cases  these 
changes  of  the  organization  result  in  a  transformation  of  the  physical 
make-up  of  the  tissues,  —  that  organs  which  have  functionated  in  a  patho- 
logical manner  are  changed  to  a  degree  that  often  enables  us  to  recog- 
nize by  even  macroscopical  examination  numerous  deviations  from  the 
normal  appearance. 

The  number  of  observations  which  have  been  made  in  relation  to 
tissue-changes  in  conditions  of  disease  is  already  very  considerable; 
and  especially  have  the  improved  optical  appliances  which  the  last  dec- 
ade has  brought  to  our  aid  greatly  increased  our  knowledge  in  regard  to 
the  anatomical  changes  of  diseased  organs.  Since  most  forms  of  disease 
in  man  show  definite  changes  in  the  organs,  when  we  speak  of  disease 
we  now  usually  think  not  only  of  a  group  of  symptoms,  but  rather-  of  a 
group  of  anatomical  changes;  our  conceptions  of  disease  have  become 
materially  anatomical,  and  we  seek  to  know  the  character  of  a  given 
disease  hj  the  investigation  of  the  anatomical  changes. 

Still  we  are  far  from  being  able  always  to  discern  positively  the  cor- 
responding changes  of  organization  and  structure  of  the  tissue.  Even 
in  very  severe  aud  fatal  diseases  (as  epilepsy,  diabetes)  there  are  times 
when  no  anatomical  changes  in  any  way  commensurate  with  the  j^he- 
nomena  observed  during  life  can  be  proved ;  and  numerous  diseases  are 
accompanied  with  functional  disturbances,  the  seat  of  which  we  are  un- 
able to  locate  with  any  certainty. 

Nevertheless  we  may  fairly  assume  in  these  cases  also  that  the  dis- 
turbed function  is  grounded  on  changes  of  organization.  That  we  do 
not  know  what  these  changes  are  has  its  foundation  in  this :  either  that 
we  do  not  look  for  them  in  the  right  place,  or  else  that  our  optical  aids  are 
not  sufficiently  powerful  to  bring  them  to  light.  And  even  when  histolog- 
ical changes  are  present  we  are  often  unable  to  recognize  their  pathologi- 
cal nature,  from  the  fact  that  our  knowledge  concerning  the  nuclei  and 
cells  of  the  various  tissues  is  not  so  far  advanced  as  to  enable  us  to  distin- 
guish in  all  cases  that  which  is  normal  from  that  which  is  pathological. 

It  is  difficult  to  say  whether  there  exist  a>Tiy  purely  fimctional  (dyna- 
mic) disturbances,  in  which  the  tissues  suffer  neither  physical  nor  chemi- 
cal changes.  Provisionally  we  accept  this  in  all  cases  in  which  we  can- 
not give  any  better  information.  An  example  of  such  disturbances  is 
seen  in  the  toxic  action  of  nerve-poisons,  concerning  which  we  cannot 
say  in  what  way  they  exert  upon  the  nerve-cells  and  nerve-trunks  a 
stimulant  or  a  paralytic  effect. 

The  causes  of  sickness  may  be  external  or  internal.  Tlie  former 
are  dependent  on  the  numerous  iujurious  influences  exerted  by  the  external 
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surroundings,  and  can  affect  the  organism  as  well  in  intra-uterine  as  in 
extra-uterine  life.  The  internal  causes  are  the  innate,  springing  from  the 
embryonic  alterations  of  the  organization,  or  of  any  particular  organ,  or 
of  several  organs,  and  appearing  either  as  sjoontaneous  variations  or  as 
something  inherited  from  jorogenitors.  If  an  organism  is  easily  affected 
by  a  certain  disease,  we  speak  of  it  as  being  py^edisposed  to  that  disease ; 
if  the  reverse  is  true,  we  speak  of  it  as  being  immune. 

If  a  disease  is  entirely  characterized  by  local  symptoms,  it  is  desig- 
nated as  a  local  disease  or  disease  of  an  organ  ;  when  the  organism  ap- 
pears diseased  as  a  whole,  one  speaks  of  a  general  disease  ;  should  the 
morbid  processes  deviate  for  a  long  time  from  the  normal,  so  that  the 
whole  organism  seems  to  have  become  subject  to  essential  changes,  the 
condition  is  called  a  constitutional  disease. 

No  definite  separation,  therefore,  can  be  made  between  local  and 
general  diseases,  for  the  reason  that  a  disease  may  begin  with  local 
symptoms  and,  later  on,  lead  to  disturbances  of  the  whole  organism ; 
conversely,  a  disease  may  begin  with  general  phenomena,  and  disease 
of  the  organ  follow. 

These  differences  in  the  course  of  a  disease  depend  mainly  on  the  dif- 
ferent ways  in  which  the  deleterious  influences  of  the  external  world  act. 
If  by  such  means  only  the  tissues  of  an  organ  are  damaged,  local  dis- 
eases occur.  If,  on  the  contrary,  at  the  outset,  changes  of  the  blood 
and  the  fluids  of  the  system  appear,  by  means  of  which  the  function  and 
the  organization  of  numerous  tissues  are  changed ;  if  fever  appears,  and 
the  nervous  system  is  also  affected,  then  the  picture  of  a  general  dis- 
ease is  produced.  If,  still  further,  one  organ  is  more  seriously  dam- 
aged than  another,  so  that  consequent  disturbances  of  function  are 
markedly  aj^parent,  then  it  will  be  proper  to  sj^eak  of  the  general  dis- 
ease as  being  accompanied  by  the  symptoms  of  a  local  disease. 

If  an  organ  is  attacked  with  disease,  a  generalization  of  the  disease 
may  occur  from-  the  spreading  of  the  noxious  agent  by  continuity  and 
coptiguity ;  also  by  its  being  conveyed  in  the  blood  and  the  other  fluids 
of  the  body — either  producing  general  disease  or  setting  up  in  other 
organs  the  same  condition  of  disease  that  was  found  in  the  organ  first 
attacked.  And  furthermore,  the  changes  in  the  functions  of  an  organ 
msij  produce  functional  changes  in  another  organ,  or  even,  as  a  sequence, 
an  ailing  condition  of  the  entire  bod3\  For  instance,  a  chronic  disturb- 
ance of  the  secretion  of  the  kidney  may  produce  a  change  in  heart- 
function,  and,  later,  poisoning  of  the  whole  body,  including  the  nervous 
system,  by  means  of  the  harmful  products  of  metabolism,  now  no  longer 
capable  of  being  discharged  from  the  body  in  the  ordinary  manner. 

In  many  general  diseases  which  begin  with  general  symptoms  we 
must  assume  that  there  was  a  primary  lesion,  this,  however,  being  so 
mild  as  to  produce  only  slight  and  circumscribed  disturbances  of  func- 
tion, and  consequently  no  symptoms  capable  of  being  recognized.  For 
example,  it  is  in  the  highest  degree  probable  that,  in  an  infectious  dis- 
ease beginning  with  general  phenomena,  the  poison  causing  the  disease 
multiplies  somewhere  in  the  body,  and  at  this  point  causes  local  tissue- 
changes  and  functional  disturbances.  Consequently  even  in  this  class 
of  diseases  it  may  be  said  that  the  morbid  process  has  a  local  starting- 
point  or  several  local  seats. 

Strictly  speaking,  even  the  so-called  general  and  constitutional  dis- 
eases are  not  really  such,  inasmuch  as  the  tissues  of  the  organism  are 
practically  never  all  involved  in  a  diseased  condition.     The  disease  has, 


HEALTH   AND   DISEASE.  5 

even  in  such  cases,  its  local  seats,  but  these  are  very  numerous  and  are 
distributed  over  the  greater  portion  of  the  body. 

The  duration  of  disease  is  very  variable.  A  shock  produced  by  a 
sudden  fright,  with  the  coexisting  excitation  of  the  vaso-motor  nerves, 
is  an  instance  of  disease  which  may  last  but  a  few  seconds.  Tubercu- 
losis, leprosy,  and  syphilis  may  give  rise  to  sufferings  lasting  for 
years.  Diseases  characterized  by  a  duration  of  a  few  weeks  are  called 
acute ;  those  lasting  for  months  or  for  a  longer  period  are  designated  as 
chronic.  Many  diseases  have  a  typical  course — one  which  is  repeated 
in  every  case  without  much  variation ;  in  others  the  course  is  markedly 
irregular.     Some  begin  abruptly,  others  slowly. 

The  termination  of  an  illness  is  either  complete  or  incomplete 
recovery,  or  death.  The  first  event  is  symptomatically  marked  by  the 
return  of  the  functions  of  the  diseased  organs  little  by  little  to  their 
proper  condition,  until  at  last  they  do  not  deviate  at  all  from  the  nor- 
mal. In  general  diseases  attended  with  fever  the  temperature  sinks  to 
the  level  of  health,  and  the  ailing  condition  of  the  body  is  transformed 
to  one  of  well-being. 

Ordinarily  the  return  to  health  goes  on  without  interruption,  or  at 
least  without  much  deviation.  Not  infrequently,  however,  it  happens 
that  while  the  patient  is  convalescing  the  disease  breaks  out  anew ;  in 
other  words,  there  is  a  relapse. 

The  disappearance  of  the  abnormal  symptoms  denotes  a  restitution 
of  the  tissues.  The  chemical  processes  of  the  body  return  to  their  nor- 
mal state,  the  damage  done  to  the  cells  is  repaired,  the  dead  cells  being 
replaced  by  new  ones  of  the  same  nature  as  the  old,  and  the  whole  tis- 
sue is  restored. 

In  many  cases,  after  the  disease  has  run  its  course,  a  complete  res- 
toration of  the  former  condition  of  the  tissues  is  produced.  In  severe 
sickness — that  is,  in  severe  tissue-lesions — complete  anatomical  restora- 
tion of  the  tissue  is  impossible ;  there  will  remain  defects  here  and  there, 
or  where  a  certain  tissue  is  lost  it  may  he  replaced  by  another  of  a  lower 
grade.  If  in  such  cases,  nevertheless,  restoration  of  health  ensues,  so 
far  as  regards  the  functions,  it  is  for  the  reason  that  the  individual  or- 
gans have  a  redundant  amount  of  functionally  capable  tissue,  so  that 
the  disappearance  of  a  small  group  of  cells  is  not  appreciable.  It  there- 
fore happens  that,  upon  the  destruction  of  certain  parts,  others  do  com- 
pensatory work,  increase  in  size,  and  show  a  greater  activity  of  func- 
tional power. 

Thus  there  will  be  permanent  disturbances  of  function  only  when  the 
diseased  organ  has  not  enough  healthy  tissue  to  carry  on  the  work  and 
other  organs  are  not  capable  of  acting  as  a  substitute  for  it,  or  as  com- 
pensatory to  it,  or  if  the  disease  leaves  such  changes  as  to  produce 
permanent  disturbances  of  function  in  the  same  organ  or  in  another 
organ  having  similar  functional  capacity. 

We  must  regard  it  as  an  incomplete  convalescence  when,  although 
the  symptoms  of  the  disease  have  disappeared,  the  harmful  influence 
which  caused  the  trouble  is  not  destroyed,  but  remains  in  the  body,  with 
the  ijossibility  that  sooner  or  later  the  disease  will  break  out  anew. 
Strictly  speaking,  we  have  not  a  cure,  but  only  the  latency  of  the  dis= 
ease  process.  This  condition  occurs  most  frequently  in  the  chronic 
infectious  diseases. 

Upon  the  occurrence  of  death  all  functions  of  the  organism  cease. 

The  order  in  which  the  various  organs  of  the  body  suspend  and  annul 
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their  functions  varies,  in  accordance  with  the  nature  of  the  disease.  The 
death  of  the  individual  is  absolutely  determined  when  the  functions  of 
the  heart  and  brain  are  definitively  inoperative. 

Through  the  victory  of  an  orgcuusm  over  a  disease  the  Jjochj  not  seldom 
becomes  immune  against  the  particular  poison  which  caused  the  disease 
from  which  it  has  recovered.  Often,  however,  on  the  contrary,  the 
body,  during  the  course  of  a  disease,  or  during  convalescence  from  it 
and  after  its  disappearance,  is  predisposed  to  certain  other  diseases. 

§  2.  The  scientific  investigation  of  diseased  life  may  reach  its  con- 
clusions from  the  symptoms  of  a  disease,  and  practical  medicine  is 
markedly  concerned  in  learning  the  meaning  of  morbid  phenomena  in 
each  individual  case  observed  by  the  physician.  The  exact  investiga- 
tion of  pathological  symptoms  chiefly  serves  the  purpose  of  determining 
the  different  forms  of  disease  present  in  given  cases,  and  of  separating 
one  disease  from  another ;  at  the  same  time  it  should  also  furnLsh  us 
with  the  power  of  penetrating  into  the  origin  of  the  different  phenomena, 
and  of  determining  their  connection  with  the  changes  in  the  organs  and 
tissues.  So  far  as  an  investigation  of  disease  symptoms  at  the  sick-bed 
serves  useful  diagnostic  and  therapeutic  purposes,  it  belongs  to  the  do- 
main of  practica/  medicine  and  of  special  pathology,  the  object  of  which 
is  to  learn  to  know  the  phenomena,  as  well  as  the  course  and  termina- 
tion, of  the  individual  diseases,  and  to  find  means  of  controlling  them. 
If  the  investigation  is  mainly  concerned  in  determining  the  nature  and 
the  origin  of  disease  phenomena,  without  regard  to  their  assignment  to 
special  forms  of  disease,  it  falls  within  the  scoi)e  of  general  pathology, 
which  has  for  its  object  the  acquisition  of  dejinite  data  concerning  the  nature 
and  course  of  disease  processes. 

Various  authors,  in  seeking  to  define  the  field  of  general  pathology, 
have  sought  its  problems  in  different  directions,  and  their  arrangement 
of  its  proper  constituent  elements  is  not  always  confined  within  the 
same  boundaries.  If  one  faces  the  task  without  regard  to  its  practical 
bearing  on  the  subdivision  of  science  (specialism) ,  it  inevitably  follows 
that  general  pathology  must  be  held  to  deal  not  only  with  the  theory  of 
the  nature  and  the  course  of  disease  processes,  but  also  with  their  causes ; 
that  it  not  only  embraces  that  section  of  natural  science  which  we  call 
pathological  physiology,  but  includes  at  the  same  time  the  theory  of 
the  causes  and  nature  of  disease. 

As  the  morbid  symptoms  are  neither  more  nor  less  than  biological 
manifestations  of  pathologically  changed  tissues,  so  the  theory  of  the 
changes  of  the  tissues  in  disease,  or  general  pathological  anatomy, 
naturally  falls  into  the  domain  of  general  pathology. 

The  great  extent  of  the  field  embraced  by  general  pathology,  both  in 
text-books  and  in  the  lecture  courses,  would  make  it  appear  reasonable 
that  the  limits  of  a  course  in  general  pathology  should  be  narrowed,  and 
that  special  portions  of  it  should  be  relegated  to  the  special  departments 
to  which  they  belong. 

Notwithstanding  that  the  theory  of  the  symptoms  of  disease  forms 
the  largest  portion  of  general  pathology,  it  seems  to  be  expedient  to 
leave  to  special  works,  to  lectures,  and  to  preparatory  instruction  those 
facts  which  are  perfected  at  the  bedside  and  are  readily  capable  of  utili- 
zation for  directly  practical  purposes. 

General  pathology  must  also  undergo  a  further  contraction  in  the 
field  of  the  study  of  the  causes  of  disease,  because  the  latter  are  pur- 
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posel}'  brought  within  the  circle  of  consideration  only  so  far  as  patholo- 
gical changes  are  really  caused  through  them,  while  the  further  and 
more  extended  relations  to  the  outer  world  in  which  we  find  ourselves — 
relations  which  eventually  can  produce  harmful  influences  upon  our  or- 
ganism— are  to  be  turned  over  to  hygiene. 

The  main  point  of  interest  in  general  pathology  lies  indisputably  in 
the  knowledge  of  the  anatomical  changes  which  are  at  the  bottom  of 
the  disease  processes.  But  the  studies  in  this  domain  do  not  need  to 
be  confined  to  the  effort  to  ascertain  the  morphological  characteristics 
of  disease  processes ;  they  should  rather  penetrate  into  the  questions  of 
how  these  processes  are  brought  into  existence  and  ivhat  is  their  nature.  A 
scientific  treatment  of  pathological  anatomy,  therefore,  leads  necessarily 
also  to  the  study  of  the  etiology  and  the  genesis  of  the  disease  processes. 
If  by  the  study  of  etiology  we  are  able  to  prove  the  cause  and  develop- 
ment of  the  changes  induced  by  disease,  then  shall  we  also  be  able  to 
gain  an  understanding  of  the  phenomena  of  disease  as  they  come  under 
observation  during  life,  and  also  at  the  same  time  to  lay  the  foundations 
for  an  adequate  knowledge  of  that  part  of  general  pathology  which  is 
designated  by  the  term  pathological  physiology. 


CHAPTER  II. 
Cause,  Origin,  and  Course  of  Diseases. 

I.  Origin  of  Disease  through  External  Pathological  Influences. 

1.  Origin  of  Diseases  through  Deficiency  of  Food  and  of  Oxygen  ;  by  Fa- 
tigue ;  by  Heat  and  Cold;  by  Changes  of  the  Atmospheric  Pressure; 
by  Electrical  and  by  3Iechanical  Influences. 

§  3.  From  birth  until  death  man  is  continually  subject  to  the  influ- 
ences of  the  surrounding  external  world,  some  of  which  influences  aid, 
while  others  hinder,  the  exercise  of  his  functions. 

As  long  as  the  human  body  is  able  to  utilize  its  functions  for  the 
purpose  of  spontaneous  changes  of  relation  to  the  external  world,  and 
also  to  accommodate  its  functions  to  the  external  necessities  of  life,  so 
long  does  it  remain  in  health.  If  its  contrivances  of  adjustment  are  no 
longer  able  to  neutralize  surrounding  influences,  and  man  can  neither 
escape  nor  change  the  necessities  of  life,  he  falls  into  sickness  or  dies. 

For  its  preservation  the  bodj'  requires  first  of  all  a  certain  amount  of 
nutrient  material,  as  well  as  a  definite  quantity  of  water  and  of  oxygen; 
and  while  man  is  able  to  survive  the  loss  of  these  agents  for  a  short 
time,  yet,  beyond  a  certain  degree  and  after  a  limited  time,  insufficiency 
of  oxygen,  food,  and  w^ater  must  necessarily  occasion  sickness  or  death. 

The  suppression  or  diminution  of  the  supply  of  oxygen  to  the  tis- 
sues is  an  occurrence  that  can  happen  at  all  ages,  and  may  be  due  either 
to  a  lack  of  oxygen  in  the  surrounding  medium,  or  to  a  hindrance  in  the 
transportation  of  the  oxygen  contained  in  the  air  to  the  lungs  and  the 
blood,  or,  finally,  to  an  inability  of  the  blood  to  take  up  the  oxygen  in 
sufficient  quantity.  Lack  of  oxygen  can  occur  to  the  foetus  within  the 
uterus,  through  the  mother  herself  suffering  from  want  of  oxygen,  or 
through  premature  separation  of  the  placenta,  or  by  means  of  disease 
changes  in  the  placenta,  or  through  compression  of  the  cord,  the  gas- 
eous interchange  between  the  blood  of  the  mother  and  that  of  the  foetus 
being  thereby  hindered.  After  birth  an  insufficient  supply  of  oxygen 
can  happen  through  hindrances  occurring  to  the  breathing-power  of  the 
lungs,  or  through  the  fact  that  the  child  itself  is  too  weak  sufficiently  to 
expand  the  thorax,  in  order  to  introduce  sufficient  air,  by  means  of  the 
respiratory  movements  of  the  lungs. 

If  the  supply  of  oxygen  is  stopped  completely,  either  through  any- 
fluid — e.g.,  water — getting  into  the  respiratory  tract  in  place  of  air,  or 
from  the  air-passages  being  closed,  the  individual  thus  affected  dies  in 
a  short  time  from  lack  of  oxygen,  by  *'  choking  "  or  suffocation.  If 
animals  remain  in  a  closed  place  for  a  certain  length  of  time,  death  is 
found  to  occur  as  soon  as  the  oxygen  of  the  air  reaches  2  or  3  per  cent 
bv  volume,  it  being  normally  20.8  per  cent  bv  volume  (CI.  Bernard,  P. 
Bert). 
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If  the  supply  of  oxj'geu  is  not  entirely  withdrawn,  but  only  markedly 
diminished  in  amount — as  may  occur  in  carbon-dioxide  poisoning,  in 
which  the  firm  combination  of  carbon-dioxide  gas  with  the  haemoglobin 
prevents  the  taking  up  of  the  oxygen  by  the  blood  corpuscles — suffoca- 
tion follows  only  aftet  the  lapse  of  several  days.  By  the  gradually  in- 
creased shutting  off  of  the  supi)ly  of  oxygen,  and  accumulation  of  carbon 
dioxide  in  the  blood — as  in  cases  of  narrowing  of  the  lumen  of  the  larynx 
by  inflammatory  exudations  and  through  compression  of  the  windpipe 
from  goitre — there  occur  breathlessness,  cyanosis,  cramps,  and  distur- 
bances of  consciousness,  a  condition  which  we  call  asphyxia. 

If  the  supply  of  oxygen  is  diminished  even  in  a  small  degree,  but 
for  a  long  time — a  condition  which  may  occur,  for  example,  in  a  dimi- 
nution of  the  blood-cells  in  oligocythaemia, — there  will  take  place  in  the 
tissues  of  the  organism  degenerative  processes  which  are  characterized 
by  an  increase  of  the  destruction  of  albumin,  and  by  fatty  changes  in 
the  organs,  and  may  cause  not  only  disease,  but  ultimately  death. 

If  the  body  is  deprived  of  all  nourishment  and  water,  then,  as  al- 
bumin and  fat  still  continue  to  undergo  decomposition,  a  rapid  diminu- 
tion in  the  body-weight  occurs,  and  finally  death  ensues.  According  to 
Lehmann,  Müller,  Munk,  Senator,  and  Zuntz,  the  total  amount  of  oxi- 
dation does  not  go  below  the  amount  which  would  be  observed  in  the 
same  individual  under  favorable  circumstances  and  when  in  a  normal 
condition.  There  takes  place  a  marked  conversion  of  albumin  into 
other  products,  as  well  as  a  decided  loss  of  water.  In  animals  death 
follows  when  about  forty  per  cent  of  the  body-weight  has  been  lost, 
nearly  half  the  deficiency  being  due  to  a  diminution  in  the  muscles. 

Fat  disappears  the  most  rapidly,  and  may  be  reduced  even  to  ninety- 
three  i^er  cent  of  the  entire  amount  originally  present.  The  diminution 
of  substance  takes  place  in  the  various  i^arts  of  the  organism  according 
to  the  following  order :  liver,  spleen,  testicles,  muscles,  blood,  alimentary 
tract,  skin,  kidneys,  and  lungs.  The  heart,  the  nervous  system,  and  the 
bones  show  the  least  loss  of  weight,  although  the  investigations  of  Leh- 
mann, Müller,  Munk,  Senator,  and  Zuntz  have  shown  that  an  absorption 
of  the  bony  tissue  takes  place  during  starvation,  and  if  water  be  ingested 
an  increased  amount  of  phosphoric  acid  and  calcium  is  found  to  occur 
in  the  urine.  In  the  blood  the  white  corpuscles  diminish  rapidly  in 
number  (Luciani);  the  red  blood-cells  may,  on  the  contrary,  in  a  given 
quantity  of  blood,  be  increased.  The  organs  of  starved  animals  show, 
not  only  simple  atrophy  of  the  elementary  tissues,  but  also  in  many 
places  evidences  of  vascular  engorgement,  with  here  and  there  actual 
hemorrhages,  areas  of  degeneration,  and  inflammatory  alterations. 
These  changes  are  particularly  noticeable  in  the  intestine,  the  liver,  the 
kidneys,  and  the  nervous  system.  As  a  rule,  however,  no  very  marked 
alterations  can  be  demonstrated  in  the  latter  (Peri) . 

The  fatal  issue,  in  the  case  of  absolute  withdrawal  of  nourishment 
and  water,  occurs  m  man  in  from  seven  to  twelve  days ;  bodily  exercise 
hastens  the  fatal  termination.  This  period  may  be  considerably  ex- 
tended if  water  is  taken  into  the  system ;  some  individuals  having  lived, 
under  these  circumstances,  for  as  long  a  period  as  thirty  days,  or  some- 
times longer,  without  perishing  or  even  wdthout  the  production  of  serious 
permanent  effects  upon  their  health.  The  introduction  of  water  into  the 
system  produces  an  increase  in  the  amount  of  nitrogen  excreted  by  way 
of  the  urine. 

Life  can  be  maintained  for  a  long  time  with  insufficient  nourishment ; 
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there  occurs,  however,  a  certain  diminution  of  body-weight,  which  may 
under  certain  circumstances  lead  to  the  most  marked  emaciation,  and 
tinall^^  to  death.  The  same  thing  happens  when  the  comi)osition  of  the 
food  is  unsuitable,  and  only  a  portion  of  the  nutrient  material  is  offered 
in  sufficient  quantity,  so  that  the  body  is  starved  in  albumin,  or  in  fats, 
or  in  salts,  or  in  water.  Dogs  deprived  of  all  nitrogenous  nourishment 
die  in  from  thirty-one  to  thirty -four  days  (Magendie).  If  the  nourish- 
ment is  sufficient,  but  poor  in  albumin,  there  occur,  after  a  certain 
length  of  time  (in  dogs  after  six  weeks),  loss  of  appetite  and  an  unwill- 
ingness to  take  the  proffered  food,  and  digestion  and  assimilation  in 
the  animal  are  lessened  (Munk).  Especially  is  this  the  case  if  the 
nourishment  is  deprived  of  fat,  while  it  holds  to  a  lesser  degree  if  the 
aliment  is  wanting  in  albumin  and  carbohydrates.  Very  likely  this 
deficiency  of  absorption  is  chiefly  dependent  upon  a  diminution  of  the 
secretions  of  the  digestive  juices,  this  being  especially  noticeable  in  the 
bile.     The  excrement  at  last  is  found  to  be  nearly  without  bile. 

If,  for  experimental  purposes,  an  animal  is  deprived  of  all  water, 
while  continuing  to  receive  an  ample  supply  of  food,  it  will  lose  enor- 
mously in  weight  and  will  die  in  from  eight  to  twelve  days.  The  lesions 
found  in  the  different  organs  will  be  essentially  the  same  as  those  ob- 
served in  cases  of  death  from  starvation.  These  alterations  are  to  be 
attributed  partly  to  the  lack  of  water,  partly  to  the  insufficiency  of  the 
food  taken  up  by  the  tissues,  and  partly  to  the  retention  of  the  harmful 
products  of  metabolism. 

§  4.  If  the  functional  activity  of  an  organ  is  exerted  for  a  consider- 
ably longer  time  than  that  to  which  it  is  accustomed,  there  will  oc- 
cur, sooner  or  later,  a  state  of  exhaustion,  due  in  part  to  the  consump- 
tion of  the  parenchyma  of  the  organ,  and  in  part  to  the  formation  of 
toxic  nitrogenous  products  of  metabolism,  these  making  such  an  organ 
imfit  for  further  continued  action.  In  most  cases  the  results  of  an  over- 
exertion manifest  themselves  in  the  muscular  and  nervous  systems,  the 
evidences  of  the  existence  of  such  a  condition  being  a  painful  stiffness 
of  the  muscles  involved,  some  mental  excitement,  sleeplessness,  a  heavy 
sensation  in  the  head,  the  lack  of  appetite,  a  feeling  of  exhaustion,  the 
unnatural  breaking  out  of  perspiration  upon  the  surface  of  the  body, 
and  at  times  a  rise  in  the  body-temperature.  If  this  exhaustion  affects 
a  vital  organ,  such  as  the  heart,  death  may  ensue  from  this  cause  alone. 
This  result  can  take  place,  however,  as  well  when  the  heart  is  unable  to 
perform  its  ordinary  function  for  a  short  time  as  when  it  acts  for  a  long 
time  in  more  nearlj^  normal  manner,  indeed,  but  still  under  the  conditions 
demanded  of  a  maximum  amount  of  work.  If  the  wearied  tissues  are 
able  to  secure  rest,  and  if  a  sufficient  and  proper  amount  of  nourishment 
is  supplied  to  them,  the  extra  material  which  was  lost  by  the  unusual 
activity  will  be  replaced,  the  effete  products  of  metabolism  which  are 
acting  detrimentally  to  the  functions  of  the  tissue  will  be  removed,  and 
the  part  will  again  become  ready  for  a  renewal  of  its  normal  activity. 

If  a  tissue  frequently  becomes  the  seat  of  exhaustive  functional  ac- 
tivity, and  the  periods  of  rest  are  too  short  to  admit  of  a  complete 
restoration  of  the  tissue,  there  will  finally  occur  a  condition  of  perma- 
nent insufficiency,  a  chronic  exhaustion,  which  under  certain  circum- 
stances may  even  lead  to  degeneration  or  atrophy  of  the  affected  organ. 
A  muscle  may  thus  become  atrophied  through  excessive  use,  and  a  brain 
which,  by  too  constant  stimulation  of  any  character  without  the  required 
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periods  of  rest,  is  exhausted  by  its  continuous  activity,  may  finally  pass 
into  such  a  condition  of  debility  and  exhaustion  as  to  make  even  the 
performance  of  the  normal  function  an  impossibility.  By  means  of 
rest  and  of  regulated  nourishment  the  brain  may  again  recover;  in  a 
high  degree  of  exhaustion,  however,  the  functional  insufficiency  may  be- 
come permanent,  and  may  find  its  expression  eventually  in  anatomical 
changes. 

If  the  excitation  of  the  nervous  system  is  very  severe,  there  occurs 
under  certain  circumstances,  by  even  a  short  continuation  of  the  source 
of  the  irritation,  a  cessation  of  the  nervous  functions — a  paralysis  which, 
should  it  affect  the  functional  capacity  of  the  heart  and  the  respiration, 
ma}^  lead  to  death ;  more  often,  however,  it  passes  away  after  a  short 
time. 

In  organs  from  which  much  work  is  required,  exhaustion  and  insuf- 
ficiency take  place  the  more  quickly  in  proportion  as  the  nourishment 
is  insufficient.  Fatigue  and  insufficiency^  oi  the  heart  are  most  often 
observed  when  the  general  nourishment  is  poorest,  as  from  disease  of  a 
febrile  character,  or  when  the  absorption  of  oxygen  in  the  blood  is  more 
or  less  hindered  by  heart-defects  poorly  compensated  for  and  by  dis- 
eases of  the  lung. 

It  is  highly  probable  that  overexertion  renders  the  organism  more 
susceptible  to  infections  of  different  kinds. 

If  the  demands  upon  a  muscle  or  a  gland  are  only  slightly  increased, 
and  if  at  the  same  time  the  nourishing  material  is  good  and  sufficient 
for  the  carrying  out  of  such  increased  work,  the  affected  tissue  becomes 
hypertrophied  and  is  thereby  rendered  capable  of  accomplishing  the 
increased  work  for  a  time. 

§  5.  High  temperatures  act  in  part  by  a  local  destruction  of  the  tissue 
(burning),  in  part  by  an  overheating  of  the  entire  body.  Naturally  the 
latter  condition  is  possible  only  when  the  high  temperature  acts  for  a 
length  of  time  sufficient  to  render  it  impossible  for  the  organism  to  pro- 
tect itself  from  the  excess  of  temperature  by  giving  up  its  heat.  In  dry 
air  of  from  55^  to  60°  C.  (131°  to  140°  F.)  even  the  most  profuse  per- 
spiration is  no  longer  able  to  hinder  the  body  from  becoming  overheated, 
and  in  moist  air  even  a  löwer  temperature  suffices. 

If  rabbits  are  placed  in  well-ventilated  incubators  in  which  the  tem- 
perature stands  at  some  point  between  36°  and  40°  C.  (96.5°  and  104° 
F.),  their  body  temperature  will  rise  to  a  height  which  varies  from  39° 
to '42°  C.  (102.3°  to  107.7°  F.),  and  at  the  same  time  both  the  respiration 
and  the  pulse  will  increase  in  rapidity.  A  very  marked  elevation  of  the 
body  temperature  may,  by  inducing  paralysis  of  the  nervous  and  con- 
tractile apparatuses,  lead  to  the  death  of  the  animal  in  from  one  to  three 
days ;  the  symptoms  observed  under  these  circumstances  being  a  decided 
acceleration  of  both  the  breathing  and  the  heart's  action.  If  the  body 
temperature,  however,  does  not  rise  more  than  two  or  three  degrees  C. 
(from  three  to  five  degrees  F.)  the  animals  may,  if  properly  fed,  con- 
tinue to  live  for  a  period  of  from  ten  to  thirty  days,  or  even  longer,  but 
they  will  lose  flesh  and  will  eventually  perish  under  manifestations  of  a 
progressive  diminution  in  the  amount  of  haemoglobin  contained  in  the 
blood  and  in  the  number  of  the  red  blood  corpuscles.  Degenerative 
changes,  particularly  fatty  degeneration,  take  place  in  the  liver,  the 
kidneys,  and  the  muscular  substance  of  the  heart.  During  the  progress 
of  the  experiment  the  production  of  urea  undergoes  an  increase. 
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If  a  man  is  subjected  to  a  high  temperature,  an  overheating  of  the 
body  may  take  place,  and  finally  the  condition  may  occur  which  is 
designated  by  the  name  of  heat=stroke.  In  this  condition  the  pulse  is 
increased,  the  respiration  is  rendered  galloping  and  panting,  the  pupils 
are  dilated,  and  death  may  take  place  in  the  same  manner  as  in  the  case 
of  an  animal  made  the  subject  of  experiment.  The  occurrence  of  the 
heat-stroke  is  hastened  by  severe  bodily  labor,  by  interference  with 
heat-dissipation,  by  impermeable  clothing,  or  by  lack  of  water  in  the 
body. 

By  direct  action  of  the  rays  of  the  sun  upon  the  head  cerebral  and 
meningeal  symptoms  may  be  produced.  This  condition  is  characterized 
by  hypersemia  and  inflammatory  exudations,  and  is  called  sun=stroke 
or  insolation. 

Local  effects  of  heat  upon  the  skin  (burns),  according  to  the  time 
during  which  their  action  is  exerted,  and  according  to  the  intensity  of 
the  heat,  lead  to  hypersemia  (first  degree  of  a  burn) ,  or  to  the  formation 
of  blebs  (second  degree) ,  or  to  tissue-eschars  (third  degree) ,  or  to  car- 
bonization (fourth  degree).  The  action  on  the  tissues  depends  upon 
the  heat — first  locally  and  then  more  extensively — and  their  destruction 
results  from  a  certain  degree  of  temperature  acting  for  a  certain  length 
of  time. 

If  a  large  part  of  the  surface  of  the  body,  about  one-third,  is  burned, 
the  individual  dies,  even  though  the  burning  is  only  of  a  mild  character 
and  eschar-formation  does  not  take  place.  An  attempt  has  been  made 
to  explain  this  phenomenon  in  various  ways.  Billroth,  Foa,  Mendel, 
and  others  believed  the  cause  of  death  to  lie  in  the  suppression  of  per- 
spiration and  the  consequent  collection  of  poisonous  materials  in  the 
blood ;  others,  as  Sonnenburg  and  Falk,  believed  the  fatal  result  to  be 
due  to  a  reflex  lowering  of  the  vascular  tone.  In  marked  cases,  accord- 
ing to  Sonnenburg,  the  overheating  of  the  blood  causes  paralysis  of  the 
heart.  On  the  other  hand,  Ponfick,  Klebs,  von  Lesser,  and  others  con- 
sider the  fatal  outcome  to  be  chiefly  due  to  injury  and  destruction  of 
the  red  blood-cells.  Silbermann,  Welti,  and  Salvioli  also  seek  the  cause 
of  death  in  injury  to  the  blood,  laying  especial  stress,  however,  not  so 
much  upon  the  destruction  of  the  red  blood-cells  as  upon  the  occurrence 
of  stasis  and  coagulation  of  blood  within  the  vessels  of  the  different  or- 
gans, this  condition  being  the  consequence  of  the  injury  to  the  blood. 
Kijanitzin,  on  the  contrary,  holds  that  a  poison  (ptomain),  which  acts 
detrimentally  to  the  organism,  is  created  in  the  bodies  of  those  who 
have  been  burned. 

The  anatomical  findings  in  those  cases  of  burns  in  which  an  oppor- 
tunity has  been  given  for  examination  tend  to  demonstrate  that — in 
cases  in  which  death  does  not  follow  in  a  short  time  from  the  severe  dis- 
turbance of  the  nervous  system  and  the  overheating  of  the  body — the 
cause  of  death  occurring  from  burns  of  the  cutaneous  surface  is  to  be 
sought  in  the  changes  of  the  blood  and  in  the  disturbance  of  the  circula- 
tion. The  blood-changes  consist  in  destruction  of  the  red  blood-cells, 
or  such  an  injury  to  them  as  to  diminish  their  functions  and  give  rise 
at  the  same  time  to  the  deposit  of  the  products  of  degeneration  and  the 
collection  of  haemoglobin  in  the  liver,  the  spleen,  and  the  kidneys.  The 
alterations  are  further  characterized  by  a  tendency  of  the  blood  to  form 
thrombi  and  intravascular  clots,  by  means  of  which  vessels  of  the  lesser 
as  well  as  of  the  greater  systemic  circulation  may  be  obstructed.  And 
besides  these  should  be  mentioned  the  facts  that  both  during  life  and 
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after  death  venous  clotting  and  hemorrhages,  as  well  as  arterial  anaemia, 
are  occasionally  observed,  and  that  local  tissue-degeneration  and  necro- 
ses may  occur  in  certain  organs,  as,  for  example,  in  the  kidney,  in  the 
liver,  in  the  gastric  and  intestinal  mucous  membrane,  in  bones,  and  in 
the  soft  parts. 

Low  temperatures  act  in  much  the  same  manner  as  do  high  temper- 
atures, in  part  through  local  injuries  and  death  of  the  tissues,  in  part 
by  chilling  of  the  entire  body.  Severe  and  lasting  refrigeration  causes 
tissue-death ;  after  mild  chilling  there  occur,  as  a  consequence  of  tissue- 
changes,  the  formation  of  blood-clots,  hypersemia,  and  exudations  which 
are  exceedingly  rich  in  leucocytes.  The  tips  of  the  nose  and  of  the  ears 
and  the  fingers  and  toes  freeze  most  easily.  After  repeated  chillings 
limited  areas  of  the  skin  are  apt  to  become  red  and  swollen  from  inflam- 
matory action,  and  to  itch  a  good  deal  {chilblains ;  permones). 

If  the  entire  body  be  strongly  cooled,  a  condition  of  general  paraly- 
sis finally  occurs,  through  reduction  of  the  normal  excitability  of  the 
tissues,  especially  of  the  nervous  system  and  of  the  heart.  The  senso- 
rium  is  dulled;  the  heart-contraction  and  respiration  become  progres- 
sively weaker,  and  finally  cease  entirely.  If,  before  the  excitability  of 
the  tissues  has  entirely  disappeared,  the  body  be  again  warmed,  the 
power  of  movement  in  the  limbs  returns  gradually,  and,  after  a  certain 
time,  consciousness  is  restored.  In  man,  instances  of  complete  recov- 
ery have  been  observed  even  after  the  temperature  of  the  body  has  been 
reduced  to  from  24°  to  30°  C.  (75°  to  86°  F.). 

Besides  the  severe  forms  of  local  or  general  lowering  of  the  tissue- 
temperature,  there  also  occur,  as  harmful  pathogenic  influences,  mild 
general  or  local  chillings — the  so-called  "  colds  " — from  the  effects  of 
which  disease  phenomena  manifest  themselves,  partly  at  the  seat  of  re- 
frigeration and  partly  in  other  organs  in  distant  portions  of  the  body. 
For  example,  after  widely  extended  refrigeration  of  the  skin  there  may 
be  produced  diarrhoea,  or  catarrh  of  the  respiratory  system,  or  kidney 
disease ;  after  local  chilling  of  the  skin,  painful  affections  in  the  deeply 
seated  muscles.  In  what  manner  the  phenomena  referred  to  depend  upon 
the  refrigeration  is  unknown,  but  there  is  no  reason  to  deny  that  these 
manifestations  of  disease  are  caused  by  cold.  But  though  many  dis- 
eases formerly  attributed  to  "  catching  cold  "  have  been  found  to  be  due 
to  infectious  diseases,  there  still  remain  a  number  of  diseased  conditions 
for  which  we  know  no  other  etiology  than  that  of  refrigeration.  Condi- 
tions of  the  body  in  which  the  skin  is  hypersemic  and  in  which  perspira- 
tion is  secreted  seem  to  favor  the  attacks  of  disease  caused  by  cold.  In 
many  individuals  there  seems  to  be  a  special  disposition  for  the  effects 
of  refrigeration  to  manifest  themselves  in  connection  with  definite  tis- 
sues, so  that  in  one  person  certain  muscles,  and  in  another  the  mucous 
membranes,  will  be  the  parts  affected. 

According  to  Pflüger  and  others,  the  processes  of  life  in  animals  may  be  brought  to 
a  standstill  by  means  of  the  abstraction  of  heat,  without  its  being  an  impossibility  for 
an  awakening  to  take  place  from  apparent  death.  This  is  said  to  happen,  indeed,  if  an 
animal  be  frozen  to  a  solid  mass.  Preyer  is  also  of  the  opinion  that  the  continuity  of 
life  can  be  fully  interrupted  by  refrigeration,  and  describes  the  subjects  who  are  thus 
"lifeless,"  but  still  capable  of  living,  as  anabiotic.  Frogs  are  said  to  remain  vital  for 
many  hours,  even  though  the  temperature  be  reduced  to  —  2.5°  C,  at  which  temperature 
the  heart  is  frozen.  According  to  the  investigations  of  Koch  such  a  return  to  life  on  the 
part  of  animals  which  have  been  frozen  stiff  is  possible  only  when  a  portion  of  the 
water  contained  in  the  body  (and  not  the  entire  mass  of  fluid)  is  converted  into  ice,  and 
when  at  the  same  time  the  thawing-out  process  takes  place  slowly.     When  the  latter 
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process  occurs  rapidly  strong  diffusion  currents  are  developed  between  the  water  that 
comes  from  the  ice  crystals  and  the  concentrated  solutions  of  albumin  in  the  blood  and 
the  tissues,  and  these  currents  exert  a  damaging  effect  upon  the  latter. 

Tissues  of  mammals  and  of  man  do  not  necessarily  succumb  to  the  abstraction  of 
heat,  if  it  is  of  short  duration,  even  though  the  freezing-point  be  reached,  but  may  again 
recover. 

§6.  Sudden  lowering  of  the  atmospheric  pressure,  as  occurs  in  the 
ascension  of  mountains  and  in  balloon  voyages,  can  cause  conditions  of 
great  exhaustion,  with  marked  palpitation  of  the  heart,  unconsciousne.^.>, 
irregular  breathing,  and  sometimes  vomiting  and  hemorrhages  from  the 
gums  and  lips.  Probably  these  phenomena  depend  chiefly  upon  lack  of 
oxygen  (P.  Bert),  the  cai)illaries  of  the  lung  being  unable  to  take  up 
sufficient  oxygen  from  the  highly  rarefied  air.  According  to  the  in- 
vestigations of  Schumburg  and  Zuntz  it  is  also  true  that  a  given  amount 
of  labor  calls  for  a  greater  supply  of  oxvgen  at  an  elevated  i)lace  than  at 
one  situated  at  a  low  level.  Owing  to  the  demands  made  upon  the 
muscles  in  climbing  a  mountain,  the  phenomena  mentioned  above  ap- 
pear at  a  less  elevation  than  they  do  in  a  balloon  ascension.  Hemor- 
rhages are  probably  due  in  part  to  the  occurrence  of  fissures,  through 
drying  of  the  mucous  membrane  of  the  parts  affected  by  evaporation 
(Hoppe-Seyler,  von  Eecklinghausen) . 

According  to  the  researches  of  Egger,  Miescher,  and  others,  a  so- 
journ in  high  altitudes  causes  an  increase  in  the  number  of  red  blood- 
cells  in  a  short  time,  with  an  augmentation  of  the  amount  of  haemoglobin 
in  the  blood.  Other  authors  (Schumburg,  Zuntz)  oppose  this  view,  and 
maintain  that  the  phenomenon  is  due  in  i)art  to  the  thickening  of  the 
blood  caused  by  a  loss  of  its  watery  constituents,  and  in  part  to  a  change 
in  the  distribution  of  this  fluid ;  and  they  attribute  the  favorable  effects 
which  many  individuals  experience  from  a  sojourn  at  a  high  elevation 
among  the  mountains,  to  the  stimulating  influences  (due  largely  to  di- 
minished atmospheric  pressure)  which  affect  the  nervous  system  favor- 
ably and  which  excite  increased  metabolism. 

Sojourn  in  diving-bells  and  caissons — such  as  are  used  for  carrying 
on  building  operations  beneath  the  water — in  which,  under  certain  cir- 
cumstances, the  atmospheric  pressure  is  increased  more  than  four- 
fold, causes  a  trifling  difficulty  in  respiration  and  slight  acceleration 
of  the  circulation.  Upon  going  quickly  from  the  compressed  air  to 
the  open  air  there  may  occur  fatigue,  a  sense  of  oppression  in  the 
chest,  noises  in  the  ear,  cramps  in  the  muscles,  pains  in  the  joints, 
hemorrhages  from  the  nose,  ears,  and  lungs,  dilatation  of  the  pupils, 
and,  under  certain  conditions,  paralysis,  coma,  delirium,  and  even  death 
after  an  interval  of  from  one  to  twenty  days  (P.  Bert,  Hoppe-Seyler). 
The  cause  of  these  phenomena  is  probably  the  sudden  escape  from  the 
blood  of  the  nitrogen  which  had  been  absorbed  under  pressure.  Ac- 
cording to  the  investigation  of  Heller,  Mayer,  and  von  Schrötter,  the 
blood — when  freed  rapidly  from  the  pressure  exerted  upon  it — contains 
gas  in  a  free  state  (almost  exclusively  nitrogen).  Free  gas,  therefore, 
according  to  these  authorities,  circulates  in  the  blood.  According  to 
the  investigations  of  Ley  den  and  Nikiforoff,  degenerated  areas  are  ob- 
served in  the  white  columns  of  the  spinal  cord  in  the  fatal  cases  asso- 
ciated with  parah'sis.  In  these  areas  of  degeneration  some  of  the 
individual  nerve-fibres  are  torn  apart,  and,  by  the  swelling  of  the  axis- 
cylinders  and  the  disintegration  of  the  medullary  sheaths,  the  tissue  is 
markedly  changed,  empty  spaces  taking  the  place  of  the  nerve-filaments. 
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Probably  these  disturbances  are  incident  to  the  formation  of  bubbles  of 
gas  inside  the  spinal  cord.  If  the  gray  matter  is  affected,  the  ganglionic 
cells  may  also  degenerate. 

Changes  in  the  electrical  condition  of  the  atmosphere  and  in  the 
magnetism  of  the  earth  have  no  demonstrable  influence  upon  the  body 
of  man  ,  on  the  other  hand,  electric  discharges,  as  lightning-stroke, 
induce  in  part  local  burning  (Fig.  1)  and  in  part  lesions  of  the  whole 
bod}'.  Under  certain  circumstances  lightning-stroke  can  cause  lacera- 
tion of  the  tissues  of  the  internal  organs,  as  of  the  liver  and  of  the  heart 
(Liman) .  The  most  frequent  and  important  action  of  lightning  is  to 
cause  a  paralysis  of  the  nervous  system  which  gives  rise  to  severe  dysp- 
noea, sooner  or  later  ending  in  death  or  gradually  passing  away. 
Only  very  rarely  do  the  special  nerves  remain  lastingly  affected. 
Transitory  paralyses  occur  when  the 
lightning  has  not  passed  through  the 
body,  hwi  has  only  been  conducted  in 
its  neighborhood,  whereby,  in  conse- 
quence of  the  sudden  electrical  discharge 
from  the  clouds,  the  body  of  the  affected 
individual  is  quickly  emptied  of  its  elec- 
tricity, or  else  the  electricity  present  in 
the  body  is  combined  with  the  electric- 
ity discharged  from  the  clouds. 

Individuals  who  have  been  struck  by. 
lightning  show  mild  or  severe  burns  at 
the  points  of  entrance  and  exit,  as  well  as 
destruction  of  the  tissues  in  the  path  of 
the  bolt.  The  marks  of  the  burn  are 
mostly  red,  forming  i)eculiar  ramified, 
zigzag  lines,  the  so-called  lightning-fig- 
ures (Fig.  1),  which  are  essentially  a 
hyperemia,  and  soon  disappear  if  severe 
burning  has  not  occurred. 

If  a  powerful  electric  current  of 
high  tension,  such  as  is  generated  by 
dynamo  machines,  passes  through  a 
man,  either  when  he  forms  a    part   of 

the  circuit  or  when  he  simply  comes  in  contact  with  an  uninsulated 
conductor,  severe  pathological  disturbances  or  even  death  may  follow. 
According  to  Kratter  the  lower  limit  of  danger  occurs  at  a  tension  of 
about  five  hundred  volts.  Alternating  currents  are  much  more  danger- 
ous than  continuous  ones  of  the  same  strength  and  tension.  When  the 
effects  produced  do  not  result  in  death  the  person  injured  is  as  a  rule 
rendered  immediately  unconscious,  and  he  remains  in  this  condition  for 
either  a  few  minutes  only  or  for  several  hours  (Kratter) .  Then  for  sev- 
.eral  days  afterward  he  is  likely  to  suffer  from  vertigo,  prostration,  and 
headache,  and  often  also  from  palpitation  of  the  heart.  At  the  points 
of  contact  there  will  be  more  or  less  pronounced  evidences  of  burning. 

When  the  effects  are  fatal,  death  occurs  either  immediately  or  at  the 
end  of  a  very  few  minutes — rarely  after  the  lapse  of  from  ten  to  thirty 
minutes.  Apart  from  the  evidences  of  burning  at  the  points  of  contact, 
the  changes  found  in  the  body  after  death  are  the  following :  evidences 
of  suffocation  and  of  hypervenosity  of  the  blood,  stasis  of  the  circulation 
of  the  blood  in  the  cavity  of  the  chest,  and  often  also  a  few  scattered 


Fig.  1.— Lightning-flgures  on  the  shoul- 
der, breast,  and  arm  of  a  woman  struck  by- 
lightning. 
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small  hemorrhages,  which  are  in  part  the  result  of  the  suffocation  and 
in  part  must  be  ascribed  to  the  direct  effects  of  the  current.  The  cause 
of  death  in  these  cases  is  a  paralysis  of  respiration  of  central  origin 
(Kratter). 

riechanical  influences  are  frequently  productive  of  pathological  con- 
ditions, causing  those  lesions  which  are  known  as  contusions,  zcoands, 
lacerations,  fractures,  concussions,  etc.  These  influences  act  through 
destruction  of  tissue,  through  changes  in  the  organization  of  tissue,  not 
externally  recognizable,  through  lesions  and  ruptures  of  the  vessels, 
and  through  irritation  of  the  nerves.  The  sequelae  are  destruction  of 
tissue,  disturbances  of  the  circulation,  inflammations,  and  growths  due 
to  proliferative  processes.  Frequently  repeated,  though  trifling,  me- 
chanical traumatisms,  as  rubbing,  cause  congestive  hyper^emia  followed 
by  inflammation  and,  if  the  traumatisms  are  continued,  hyperi)lasia  of 
the  tissues.  If  large  quantities  of  insoluble  dust-i)articles  are  contin- 
uously brought  to  the  lungs,  marked  changes  will  be  noticed  in  the 
lungs  themselves  and,  under  certain  circumstances,  in  other  internal 
organs.  One  can  group  these  changes  under  the  name  of  dust=diseases. 
Continuous  pressure  and  diminution  of  the  amount  of  space  allowed 
an  organ  may  cause  atrophy  of  that  organ,  as  seen  in  constricted  liver 
following  tight  lacing. 

§  7.  Mechanical,  thermal,  electrical,  and  many  chemical  agents,  es- 
pecially those  of  a  corrosive  nature,  cause :  first,  local  injuries  to  those 
tissues  which  may  be  attacked  directly;  second,  a  general  involvement  of 
the  nervous  system  through  the  influence  of  the  local  irritation.  The  trauma 
can  produce  this  involvement  by  directly  attacking  the  central  nervous 
system  or  through  the  irritation  of  the  sensory  or  sympathetic  nerves, 
thus  producing  a  number  of  additional  nervous  symptoms. 

If  the  cerebral  functions  are  disturbed  by  direct  agitation  of  the  cra- 
nial contents,  and  unconsciousness  is  the  result,  the  condition  is  termed 
commotio  cerebri  or  concussion  of  the  brain.  This  term  is  given, 
however,  when  the  trauma  has  not  visibly  altered  the  structure  of  the 
brain,  at  least  not  to  a  considerable  extent  nor  in  a  striking  manner. 

Should  phenomena  of  inhibition  and  paresis  be  produced  reflexly  by 
intense  irritation  of  the  peripheral  nervous  system,  especially  attacking 
the  functions  of  the  heart  and  the  respiratory  tract,  the  term  shock  is 
commonly  employed  to  designate  the  entire  group  of  symptoms  ob- 
served under  these  conditions.  The  most  common  causes  of  shock  are 
injuries  to  the  vertebral  column,  abdominal  cavity,  or  scrotum;  less 
frequently  to  the  extremities  or  to  the  thorax.  Further,  shock  is  caused 
by  lightning,  burns,  corrosions  of  the  skin,  fear,  and  psychical  emotions, 
through  whatever  channels  they  are  convej^ed  to  the  brain.  An  individ- 
ual whose  nervous  system  is  in  a  particularly  irritable  condition  is  es- 
pecially liable  to  shock ;  conditions  of  alcoholic  or  drug  narcosis  inhibit 
its  appearance. 

Shock  is  chiefly  characterized  by  weakened  energy  of  the  heart's 
action ;  by  an  irregular  breathing,  which  leads  to  a  decrease  in  the  in- 
terchange of  gases  in  the  tissues ;  and  by  a  lowering  of  the  temperature 
(Eoger).  Owing  to  these  conditions  the  venous  blood  of  persons  dying 
of  shock  is  lighter  in  color  than  the  normal  venous  blood  (Koger). 
In  shock  consciousness  generally  remains,  the  skin  and  the  visible 
mucous  membranes  are  pale,  and  the  pulse  is  small  and  markedly 
slowed,  often  irregular  and  interrupted. 


shock;  traumatic  neuroses.  it 

Id  a  person  suffering  from  shock  the  nervous  symptoms  are  varied. 
He  may  be  agitated,  and  groan,  shriek,  and  cry  out  with  fear.  This 
anguish  of  mind  is  associated  with  full  breathing,  and  is  known  as 
erethistic  shock.  He  may  lie  quiet,  partially  conscious,  with  sunken 
countenance,  showing  evidences  of  marked  weakness  in  the  sensory  and 
motor  functions.  This  combination  of  symptoms  is  known  as  torpid 
shock.  In  severe  cases  death  follows  from  the  stopping  of  the  heart's 
action  and  the  cessation  of  the  respiration. 

Shock,  in  its  irritation  of  the  terminal  fibres  of  the  peripheral  nervous 
S3^stem,  is  closely  allied  etiologically  to  that  phenomenon  which  we  call 
syncope.  Syncope,  however,  is  to  be  differentiated  from  shock  in  that 
the  chief  symptom  is  a  loss  of  consciousness  of  short  duration,  while  the 
heart's  action  and  the  breathing  show  no  marked  disturbance.  In  syn- 
cope we  have  prodromes,  such  as  giddiness,  tinnitus  aurium,  and  dark- 
ening of  the  visual  fields,  all  of  which  are  absent  in  shock. 

Not  infrequently,  as  the  result  of  injuries  in  various  portions  of  the 
body,  there  may  arise  more  or  less  marked  functional  disturbances  in 
the  nervous  system,  which  often  remain  after  the  local  injuries  to  the 
tissues  are  entirely  healed.  These  derangements  cannot  be  considered  in 
any  wa^^  dependent  upon  anatomical  changes  of  the  peripheral  or  central 
nervous  system,  but  must  be  considered  a>s  purely  functional  disturbances 
of  a  psychical  origin.  They  are  generally  termed  traumatic  neuroses, 
nervous  diseases  of  accidental  origin,  and  are  frequently  characterized 
by  subjective,  but  sometimes  also  by  objective  symptoms.  To  the  first 
class  of  symptoms  belong  pains  which  are  not  necessarily  localized  at 
the  seat  of  the  injjiry,  as,  for  instance,  headache,  chest-pains,  backache, 
difficulty  in  motion,  general  lassitude  and  inability  to  perform  mental 
labor,  dulness  of  perception,  disturbed  vision,  Sittings  before  the  eyes, 
giddiness,  restless  sleep,  loss  of  appetite,  and  indigestion.  To  these 
symptoms  Oppenheim  and  Strümpell  have  added  psychical  ill  humor 
of  a  hypochondriac  or  melancholic  character,  irregularly  placed  patches 
of  cutaneous  anaesthesia,  enfeeblement  of  sense  of  taste,  hearing,  or 
smell,  motor  palsies,  hypersesthesias,  concentric  narrowing  of  the  visual 
fields,  pareses,  muscular  spasms,  tremors,  acceleration  of  the  pulse,  and 
a  tendency  to  sweating. 

According  to  the  opinion  of  the  writers  upon  this  subject,  we  are 
dealing  in  these  cases  principally  with  symptoms  which  are  referable  to 
a  psychical  shattering  of  the  perceptive  life,  a  psychoneurosis,  which 
is  less  often  caused  by  the  traumatism  and  the  accompanying  psychical 
shock  than  by  the  consequent  anxiety  over  the  injury  to  health  and  loss 
of  business.  Sometimes,  through  disturbance  of  the  normal  relation 
between  the  mental  processes,  the  patient's  condition  is  changed  to  one 
that  suggests  hysteria,  in  part  due  to  the  spontaneous  occurrence  of 
abnormal  sensations,  called  hypochondria,  and  in  part  to  a  neurasthenia. 
If  volition  no  longer  finds  a  way  to  the  motor  centres,  hysterical  palsies 
are  established.  If  the  normal  exertion  and  inhibition  of  the  will-power 
are  broken  down,  so  that  unreasonable  will-stimuli  are  created  and  reach 
the  muscles,  we  have  hysterical  convulsions,  contractures,  or  cramps. 
If  the  nervous  irritation  originating  in  the  sensory  tract  does  not  enter 
the  area  of  consciousness,  we  have  an  hysterical  anaesthesia.  If  there; 
are  present  in  the  consciousness  images  of  awaited  or  feared  objects, 
and  if  these  images  are  intensified  by  the  conditions  of  the  disease  into 
true  subjective  irritations  of  consciousness,  we  shall  have  hysterical 
pains  and  neuralgias  (Strümpell). 
2 
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2.    The  Ori(/i)i  of  Diseases  throufjli  Infoxlrfifion. 

§  8.  By  poisoning  or  intoxication  2ve  mean  that  iiiipoinnerit  of  loealth, 
occosioned  by  the  injury  to  a  tissue  of  the  body,  ichicJt  certain  agents  are 
capable  of  producing,  under  suitable  circumstances,  by  reason  of  their 
chemical  nature.  Those  substances  wliicli  are  designated  as  poisons 
belong  in  part  to  tlie  mineral,  in  part  to  the  vegetable,  and  in  part  to 
tlio  animal  kingdom.  Poisons  are  found  as  such  in  nature,  or  are  pro- 
duced artificially  from  organic  or  inorganic  substances,  wliicli  either 
may  *be  non-poisonous  themselves  or  may  possess  projierties  (juite 
different  from  such  poisons.  Among  the  most  important  poisons  are 
the  products  of  the  metabolism  of  animals  or  ])lauts.  The  combinations 
which  take  ])lace  under  these  circumstances  are  formed  either  within  the 
tissues  of  the  plant  or  animal,  or  from  the  nutrient  materials  surround- 
ing them,  through  the  occurrence  of  transformations  of  non-])oisonous 
elements,  or  of  elements  which  exert  an  entirely  different  action. 

The  poisons  which  beloug  to  the  mineral  kingdom  or  which  are  produced 
from  minerals  BiYe :  metallic  mercury,  chlorine,  bromine,  iodine,  suli)hur, 
and  various  combinations  of.  these  substances,  besides  many  combina- 
tions of  arsenic,  antimony,  lead,  barium,  iron,  copper,  silver,  zinc,  po- 
tassium, sodium,  chromium,  etc.  The  best-known  poisons  containing 
carbon  which  are  artificially  produced  are:  chloroform,  chloral  hydrate, 
ether,  alcohol,  iodoform,  carbon  disulphide,  hydrocyanic  acid,  potassium 
cyanide,  oxalic  acid,  nitroglycerin,  nitrite  of  amyl,  petroleum,  carbolic 
acid,  nitrobenzol,  picric  acid,  and  aniline.  In  general  it  is  to  be  noted 
that  modern  chemistry  is  continually  producing  ne^^  substances  which 
act  as  poisons. 

Among  the  poisons  produced  by  plants  of  the  higher  order,  which  are 
especially  noteworthy,  are:  the  organic  alkaloids,  such  as  morphine, 
quinine,  colchicine,  atropine,  hyoscyamine,  veratrine,  strychnine,  cura- 
rine,  solanine,  nicotine,  digitalin,  santonin,  aconitine,  cocaine,  coniine, 
muscarine,  and  ergotin,  all  of  which  may  cause  severe  poisoning  even 
in  small  doses. 

•  Lower  forms  ofjjlant  life,  especially  tJie  bacteria,  produce  non-poisonous 
and  poisonous  substances  in  the  nutrient  material  (albuminous  bodies)  ?'?i 
lohich  they  develo]).  Some  of  these  substances  are  similar  to  the  vege- 
table alkaloids,  some  to  the  ferments,  and  are  accordingly  termed  toxic 
cadaveric  alkaloids,  toxic  ptomains,  toxins,  toxalbumins,  and  toxenzymes 
(compare  §  12;  also  Chapter  IX.).  It  follows  that  the  blood,  the  flesh, 
or  any  organ  of  a  healthy  animal  may  acquire  poisonous  properties,  in 
consequence  of  changes  which  are  set  up  in  it  by  the  influence  of 
bacteria.  Those  diseases  which  are  held  to  be  due  to  sausage-,  meat-, 
fish-,  and  cheese-poisonings  are  in  part  ascribable  to  the  fact  that  bac- 
teria have  developed  in  these  food-products,  and  out  of  albuminous 
material  have  produced  the  poisonous  products  of  metabolism.  In 
other  cases  the  bacteria  may  have  developed  in  the  slaughtered  animal 
during  its  life,  so  that  the  animal  was  diseased  when  killed ;  and  the 
person  eating  its  flesh  acquires  the  poison,  or  is  infected  with  the  identi- 
cal disease  with  w^hich  the  animal  was  affected.  Under  certain  condi- 
tions food  which  is  in  no  way  spoiled,  but  which  contains  bacteria,  may 
be  taken  into  the  stomach  and  digested,  and  the  bacteria  thus  liberated 
may  develop  in  the  alimentary  tract  of  man  and  produce  poisoning,  by 
means  of  the  toxins,  toxalbumins,  or  enzymes  which  are  formed  by  their 
multiplication. 


ANIMAL   POISONS.  19 

Among  the  animals  zvhich  normally  ^Droduce  poisons  luitliin  certain  tis- 
sues of  tlieii^  bodies  the  best  known  are :  serpents,  toads,  salamanders, 
scorpions,  Spanish  flies,  and  many  other  insects  which  are  supplied 
with  stings.  Latterly  much  attention  has  been  given  to  the  poisonous 
substances  which  are  to  be  found  in  the  internal  organs  of  fishes  and 
moUusks.  There  are  certain  forms  of  sea-fish  that  are  constantly  poi- 
sonous, and  others  also  that  are  poisonous  only  at  certain  times ;  such 
observations  have  been  made  especially  on  the  fish  in  Japanese  waters. 
According  to  Saotscheuko,  the  poison  in  many  poisonous  fishes  is  se- 
creted by  the  glands  of  the  skin  at  the  roots  of  the  dorsal  and  caudal 
fins,  and  may  be  found  in  their  eggs.  According  to  Kemy,  Miura,  and 
Takesaki,  the  poisonous  fish  belonging  to  the  family  Gymnodontes 
(tetrodons)  secrete  poison  only  in  the  sexual  organs.  According  to 
Mosso,  there  is  found  in  the  blood-serum  of  eels  a  poisonous  substance, 
ichthyotoxin,  which  acts  detrimentally  if  ingested  into  the  intestines  of 
the  ordinary  animals  used  for  experimentation,  and  can  produce  death. 
Observations  of  poisoning  from  eating  mollusks,  wliich  were  made  a  few 
years  ago  at  Wilhelmshafen,  have  excited  considerable  interest.  Severe 
illness,  with  death  in  certain  cases,  followed  the  eating  of  moss-mussels 
{Mytilas  edalis). 

According  to  M.  Wolff,  the  poison  is  contained  in  the  liver  of  the 
mussels.  According  to  Schmidtmann,  Virchow,  Salkowski,  and  Brie- 
ger,  the  action  of  the  poison  is  similar  to  that  of  curare.  According  to 
Brieger,  there  can  be  obtained  from  the  poisonous  moss-mussels  basic 
substances  which  are  similar  in  their  composition  to  the  ptomains — 
that  is,  to  the  basic  products  of  decomposition.  How  far  the  causes  of 
the  poisoning  are  to  be  ascribed  to  normal  and  how  far  to  disease  proc- 
esses in  the  life  of  these  fishes  and  mollusks  has  not  been  determined 
at  the  present  time.  From  the  fact  that  the  moss-mussels  were  poison- 
ous only  in  certain  areas  (Schmidtmann,  Wolff)  where  the  water  was 
impure,  and  that  the  starfish  found  in  the  same  localities  were  similarly 
affected  (Wolff),  it  would  seem  probable  that  in  a  certain  number  of 
cases  the  poisonous  action  must  be  referred  to  some  contaminating  in- 
fluence, or  to  pathological  alterations  of  the  natural  processes  of  life. 
It  is  i:)robable  that  the  bacteria  which  are  found  in  mussels  which  live 
in  stagnant  canal-water  may  be  the  cause  of  the  deadly  action  (Lustig). 
In  other  cases  the  cause  seems  to  have  been  connected  directly  with 
special  circumstances;  for  instance,  with  the  production  of  elements 
elaborated  by  the  sexual  organs. 

It  is  difficult  to  give  an  exact  definition  of  a  poison  and  of  poisoning,  since  the  ac- 
tion of  the  substances  considered  above  varies  with  the  dose  and  the  attenuation,  as  well 
as  with  thie  method  of  introduction  into  the  tissues  of  the  body.  It  is  well  known  that 
even  the  most  powerful  poisons  may  be  introduced  into  the  tissues  in  small  doses  not 
only  without  doing  damage,  but  even  in  such  a  manner  as  to  produce  a  beneficial  and 
curative  effect  upon  them.  On  the  other  hand,  substances  which  are  not  usually  classed 
among  the  poisons,  as,  for  instance,  non-corrosive  sodium  salts,  when  introduced  into 
the  organism  in  large  quantities  or  in  concentrated  solutions,  induce  phenomena  which 
must  be  ascribed  to  the  action  of  a  poison.  Furthermore,  poisonous  substances  suffi- 
ciently diluted  (phenol)  may  serve  as  foods.  In  the  above  definition  I  have  come  to  the 
same  conclusion  as  Robert,  and  have  utilized  in  the  following  paragTaphs,  concerning 
the  workings  of  poisons,  much  material  from  his  "Text-book  on  Intoxications,"  pub- 
lished in  1893. 

Snake  poison  is  formed  exclusively  in  the  poison  glands  which  are  located  above 
the  angle  of  the  mouth.  It  consists  of  a  greenish  or  yellowish  fluid,  the  poisonous  ac- 
tivity of  which  is  not  diminished  by  desiccation  or  by  being  preserved  in  alcohol.  The 
active  principle  is  a  toxalbumin. 
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§  9.  Poisons  may  be  divided  according  to  their  action  into  three 
classes :  first,  those  which  produce  local  changes  in  the  tissues ;  second, 
those  which  produce  an  injurious  action  upon  the  blood ;  third,  those 
w^hich  produce  in  the  tissues  anatomical  alterations  which  are  not  recog- 
nizable. 

The  poisons  which  produce  pronounced  local  alterations  in  struc= 
tu  re  injure  j)rimarily  the  tissues  with  which  the}^  come  directly  in  con- 
tact upon  entering  the  body.  If  these  substances  are  absorbed  b}-  the 
juices  of  the  body,' injury  may  result  to  the  most  diverse  organs  and 
tissues ;  but  they  most  frequently  confine  their  action  to  the  organ  in 
which  they  are  stored  up,  or  to  which  they  are  brought  for  x^^rposes  of 
excretion,  as,  for  instance,  the  liver,  the  intestines,  or  the  kidneys. 

The  most  frequent  situation  for  the  primary  injurious  action  is  the 
mucous  membrane  of  the  upper  alimentär}'  canal  and  the  respiratory 
tract;  but  in  many  cases  of  poisoning  the  skin  is  the  first  point  at- 
tacked. Yer}'  often  poisons  are  employed  as  disinfectants — i.e.,  they 
are  purposely  used  to  prevent  the  growth  of  or  to  kill  off  bacteria  which 
have  come  in  contact  with  wounds.  When  thus  used  thej^  can  produce 
local  changes  in  the  tissues,  or,  through  absorjjtion  by  the  circulatory 
streams,  injure  the  internal  organs  or  the  entire  body. 

The  first  group  of  poisons  to  be  discussed  here  is  made  up  of  those 
substances  which  produce  severe  changes  in  the  tissues  at  the  point  of 
contact.  From  the  similarity  of  the  results  of  this  contact  to  burns, 
these  poisons  have  been  called  caustics,  or  corrosive  agents.  If  the 
action  of  the  caustic  reaches  the  highest  characteristic  grade,  the  tissue 
attacked  will  be  entirely  destroyed,  in  one  case  being  converted  into  a 
dry,  hard  crust,  in  another  case  into  a  moist,  soft  one.  If  the  action  is 
less  severe — because  of  the  application  of  a  less  concentrated  solution  of 
the  caustic,  or  because  the  chemical  substance,  though  applied  in  con- 
centrated solution,  acts  incompletely,  or  because  tlie  tissue  itself  is  re- 
sistant, as  in  the  case  of  the  skin — we  have  less  severe  changes,  which 
are  characterized  by  redness,  swelling,  inflammation,  and  hemorrhages. 
Very  often  one  finds  in  the  same  organ  diverse  changes,  as  local  slough- 
ings  or  necroses,  hemorrhages,  inflammations,  and  swellings  due  to 
slight  local  extravasations  of  blood.  If  the  condition  has  been  present 
for  some  time,  the  local  eschars  are  surrounded  by  a  more  or  less  wide- 
spread inflammatory  areola,  though  in  the  case  of  some  caustics  the 
tissues  are  inflamed  only  within  a  limited  area. 

As  substances  which  act  in  this  manner  should  be  mentioned  the 
corrosive  acids:  sulphuric,  nitric,  hydrochloric,  phosphoric,  oxalic, 
acetic,  arsenious,  arsenic,  osmic,  lactic,  trichloracetic,  carbolic,  and 
salicylic.  To  this  class  also  belong  the  corrosive  compounds  of  the  alka- 
lies and  alkaline  earths,  as  potassium  and  sodium  hydrate  (watery  solu- 
tions of  KHO  and  NaHO),  caustic  ammonia  (NH3  dissolved  in  water), 
ammonium  carbonate,  caustic  lime,  and  barium  sulphate.  To  this  list 
should  also  be  added  a  number  of  corrosive  salts,  as  those  of  antimony 
(tartar  emetic  and  antimony  trichloride),  salts  of  mercury  (corrosive 
sublimate  and  red  precipitate),  nitrate  of  silver,  chloride  of  zinc,  sul- 
phate of  zinc,  sulphate  of  copper  and  acetate  of  copper,  aluminium  ace- 
tate, potassium  Chromate,  potassium  bichromate,  and  chloride  of  iron. 

Among  the  especially  irritant  jjoisons  derived  from  animals  are: 
cantharidin,  obtained  from  the  beetle  Lytta  vesicatoria ;  phrynin,  con- 
tained in  the  secretions  from  the  cutaneous  glands  (parotid)  of  toads ; 
the  secretions  from  the  poison  glands  of  snakes  and  scorpions ;    the  se- 
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cretions  from  the  sting-glands  of  bees,  wasps,  and  hornets ;  the  secre- 
tions from  the  salivary  glands  of  stinging  gnats,  flies,  and  horse-flies; 
the  secretions  from  the  poison  glands  of  the  maxillary  palpse  of  spiders 
(Tarantula),  which  produce  local  necrosis  or  give  rise  to  inflamma- 
tion. Finally,  man}'  of  the  higher  plants  produce  substances  which, 
when  brought  in  contact  with  the  tissues,  cause  local  irritation  and 
inflammation.  Examples  are:  daphne,  various  forms  of  Eanunculus, 
anemone,  marsh-marigold,  calla,  dragon-root,  Croton  ticjlii  (producing 
in  its  seed  croton-oil),  buckthorn  (Bhamnus  cathartica),  water-elder 
{Bhamnus  frangida).  These  plants  produce  the  poisonous  substances 
either  in  their  blossoms,  or  in  their  seeds,  stems,  or  roots. 

The  character  of  the  local  changes  which  the  substances  mentioned 
above  produce  is  naturally  very  varied,  and  is  dependent  in  part  upon 
the  activity  of  the  poison,  and  in  part  upon  the  place  and  manner  of  its 
application.  Mineral  salts,  liquor  potass^e,  and  strongly  concentrated 
corrosive-sublimate  solutions  produce  marked  eschar-formations,  asso- 
ciated with  severe  hemorrhagic  inflammations,  especiallj^  when  taken 
into  the  stomach.  Through  the  action  of  acids  a  strong  demand  is 
made  upon  the  alkaline  fluids  of  the  body,  and  we  find,  in  consequence, 
alterations  in  the  respiration  and  the  circulation.  The  poisons  which 
are  produced  by  the  poison  glands  of  snakes,  and  which  belong  to 
the  toxalbumins,  cause  usually  very  severe  local  inflammations  and 
hemorrhages,  which  often  become  widespread  and  sometimes  occasion 
marked  gangrene  of  the  tissues.  There  are  other  snake-poisons  which 
produce  only  slight  local  changes,  while  the  systemic  symptoms  of  poi- 
soning are  by  far  the  most  marked.  There  is  a  volatile  or  gaseous  class  of 
poisons  which  cause  local  irritation  of  the  tissues,  especially  of  the 
mucous  membranes,  of  the  eye  and  of  the  respiratory  tract  {irrespirahle 
gases).  To  this  class  belong  the  fumes  of  ammonia,  chlorine,  sulphuric 
acid,  nitrogen  monoxide,  nitrogen  dioxide,  nitrogen  trioxide,  osmic  acid, 
and  mustard-oil.  The  intensity  of  action  of  these  poisons  varies  also, 
often  occasioning  mere  temporary  redness,  but  being  able  also  to  produce 
severe  inflammation  and  necroses  of  tissue.  From  the  irritation  of  the 
respiratory  tract  coughing  is  produced,  and  by  spasm  of  the  larynx  the 
breathing  may  be  interfered  with. 

There  are  added,  in  many  cases,  to  the  local  irritation  and  inflamma- 
tion caused  by  the  action  of  this  class  of  poisons,  further  effects  upon  the 
internal  organs.  After  the  absorption  of  these  poisons  by  the  juices  of 
the  body,  those  organs  suffer  most,  as  a  rule,  in  which  the  poison  is  re- 
tained or  elaborated,  although  the  action  may  extend  also  to  those  organs 
which  do  not  take  part  in  the  excretion  of  the  poison.  After  the  appli- 
cation of  certain  poisons  the  lesions  at  the  point  of  entrance  are  transient 
and  unrecognizable.  The  first  recognizable  anatomical  lesions  occur  in 
tissues  to  which  the  poison  has  been  carried  by  the  blood.  Finally,  a 
given  poison  may  act  as  a  nerve-  and  heart-poison,  so  that,  clinically, 
this  action  appears  more  prominently  than  the  local  tissue-degenera- 
tion. After  corrosive-sublimate  poisoning,  cell-necrosis  takes  place  in 
the  secreting  portion  of  the  kidneys,  combined  with  marked  inflamma- 
tion of  the  colon.  Salts  of  chromic  acid,  cantharidin,  and  many  acids 
cause  more  or  less  marked  tissue-necrosis  and  inflammation  in  the 
secreting  portion  of  the  kidneys  and  in  other  parts  of  the  urinary  tract. 

Phosphorus,  arsenic,  and  antimony,  which  are  but  mildly  corrosive, 
produce  tissue-degenerations,  principally  of  a  hemorrhagic  or  fatty 
nature,  in  the  kidneys,  liver,  heart,  muscles,  and  capillaries  of  differ- 
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ent  organs.  These  changes  are  seen  especially  after  phosphorus-poison- 
ing. 

If  an  individual  is  exposed  for  months  or  years  to  the  vapor  of  yellow 
phosphorus,  it  may  produce  an  inflammatory  necrosis  of  the  jaw-bones; 
but  this  necrosis  takes  place  only  when  the  inhalation  of  the  vapor  is 
combined  with  such  conditions  as  putrid  decompositions  in  the  mouth, 
or  decayed  teeth. 

After  the  long-continued  use  of  nitrate  of  silver,  black  silver-deposits 
may  be  found  in  the  most  diverse  tissues  of  the  body — in  the  skin,  in  the 
kidneys,  in  the  intestinal  villi,  and  in  the  choroid  plexus  of  the  brain. 

The  snake-poisons  possess,  in  addition  to  their  local  irritant  action, 
a  paralyzing  effect  upon  the  nervous  system  and  the  heart.  So  after 
snake-bite  we  may  have  death  from  paralysis  of  the  centre  of  resj^iration. 

Solutiolis  of  lead,  when  taken  into  the  alimentary  tract,  may  have  a 
corrosive  action  on  the  mucous  membrane,  giving  rise  to  inflammation, 
and  producing  such  intestinal  symptoms  as  vomiting,  diarrhoea,  consti- 
pation, and  gastric  cramp,  associated  with  such  nervous  symptoms  as 
anaesthesias,  motor  palsies,  convulsions,  faintiDgs,  and  unconsciousness. 
If  lead  is  ingested  continuously  for  a  long  time,  general  disturbances 
show  themselves,  such  as  derangements  of  digestion,  intestinal  colic, 
pain  in  the  limbs,  anaesthesia,  motor  palsies,  disturbances  of  cerebral 
activity,  and  kidney  disease.  These  various  lesions  are  undoubtedly 
dependent  upon  the  dispersion  and  deposition  of  lead  in  the  body,  lead- 
ing to  the  most  widespread  anatomical  changes. 

The  active  poisonous  principles  of  ov/of  [Secale  coDuitaru)  are  splaue- 
linic  acid  and  cornutin.  When  taken  in  large  doses,  as  continuously  in 
bread,  this  drug  causes  itching,  pains,  cramps  in  the  extremities,  and, 
later  on,  numbness  and  a  feeling  of  cold  in  the  tips  of  the  toes  and  fin- 
gers. This  condition  may  go  on  to  more  or  less  widespread  gangrene 
and  sloughing  of  the  parts,  with  the  formation  of  ulcers  in  the  intestines 
{ergotism,  itching  disease).  In  long-continued  poisonings,  degenerations 
take  place  in  the  spinal  cord  (Tuczek).  The  feeding  of  chickens  with 
ergot  causes  gangrenous  necrosis  of  the  comb,  this  result  being  due  to 
the  occurrence  of  stasis  and  hyaline  thrombosis  in  the  blood-vessels. 
In  experimental  animals  which  have  been  fed  for  a  considerable  length 
of  time  with  ergot,  degenerative  alterations  will  usually  be  found  in  the 
central  and  peripheral  nervous  system,  in  the  blood-corpuscles,  and  in 
the  endothelium  of  the  blood-vessels  (Grigorieff ). 

§  10.  Poiso)is  ichich  cause  changes  especially  i)i  the  blood,  and  hence 
may  be  called  blood=poisons,  are  partly,  gases  and  partly  fixed  sub- 
stances which  are  absorbed.  The  latter  are  absorbed  principally  from 
the  intestinal  tract;  they  may,  however,  enter  the  body  through  wounds, 
or  they  may  be  injected  directh'  into  the  blood-vessels.  Sometimes  these 
blood-poisons  produce  also  a  local  action  upon  the  tissues  at  the  point 
of  entrance ;  again,  there  may  be  joined  to  the  action  on  the  blood  a  di- 
rect influence  upon  the  nervous  system,  producing  death  under  certain 
circumstances,  even  before  the  action  upon  the  blood  has  been  recog- 
nized. Finally,  it  should  be  noted  that  the  blood-changes  induced  b}' 
the  poison  may  produce  secondary  diseases  in  the  different  organs,  as, 
for  instance,  the  kidneys,  the  liver,  the  intestines,  and  the  brain. 

The  most  important  blood-poison  is  carhon-monoxide  gas,  which 
causes  an  effect  upon  the  blood,  and  very  frequently  produces  more  or 
less  serious  or  deadly  i)oisonings.    Most  frequently  the  poisoning  occurs 
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from  the  carbon  monoxide  contained,  in  coal-  or  illuminating-gas.  This 
gas  may  also  be  produced  after  the  burning  of  gunpowder  or  gun- 
cotton. 

The  action  of  the  carbon  monoxide  taken  in  by  breathing  consists 
largely  in  its  combination  with  the  haemoglobin,  forming  carbo-oxy hae- 
moglobin. This  combination  decreases  the  amount  of  oxygen  in  the 
haemoglobin  and  hinders  the  taking  up  of  oxygen  by  this  substance, 
even  when  the  respired  air  contains  as  low  as  0.05  per  cent  or  0.02  per 
cent  of  CO  (Gruber).  The  blood-corpuscles  are  not  changed  in  appear- 
ance by  this  poison.  If  a  sudden  addition  of  carbon  monoxide  reaches 
the  nervous  system,  it  may  produce  direct  injury  to  it,  giving  rise  to 
cramps  and,  later  on,  to  paralysis  (Geppert).  In  cases  of  poisoning 
lasting  for  a  long  time,  the  displacement  of  the  oxygen  in  a  large  por- 
tion of  the  blood-corpuscles  may  produce  tissue-asphyxia.  If  the  poi- 
soned individual  does  not  die,  he  may  suffer  from  disturbances  of  the 
nutrition  of  various  organs  of  the  body,  especially  of  the  nervous  sys- 
tem. The  poisoning  itself  is  characterized  by  headache,  tinnitus  au- 
rium,  fainting,  malaise,  vomiting,  giddiness,  cramps,  palsies,  and  coma. 
The  blood  itself  turns  a  pale-violet  or  cherry -red  color  on  account  of  the 
increase  in  carbon  monoxide,  and  the  internal  organs  have  a  bright-red 
color. 

A  second  not  infrequent  form  of  poisoning  is  that  produced  by  hydro- 
cyanic  acid  (CNH),  which,  in  combination  as  potassium  cyanide  (KCN), 
is  much  used  in  the  arts.  In  general,  hydrocyanic  acid  is  found  in 
unstable  combination  in  the  leaves,  barks,  and  seeds  of  very  many 
plants:  bitter  almonds,  cherry-  and  peach-stones,  apple-seeds,  leaves 
from  the  common  laurel,  the  rind  of  Primus  padus,  the  root-bulbs  of 
many  of  the  Euphorbiaceae,  flaxseed,  etc. 

Hydrocyanic  acid  possesses  a  double  action.  In  relatively  small 
doses  it  exerts  a  paralytic  influence  upon  the  central  nervous  system, 
and  death  may  be  produced  in  a  short  time — even  in  a  few  seconds — by 
paralysis  of  the  centres  of  respiration  or  of  circulation.  Besides  this, 
there  is  an  action  upon  the  blood  and  tissues,  robbing  them  of  their 
ability  to  unite  with  and  use  oxygen  (Geppert),  so  that  these  organs 
suffocate  in  the  presence  of  oxygen.  According  to  Kobert,  there  is 
formed  a  cyan-methaemoglobin  which  appears  bright  red  in  color  and 
produces  a  bright-red  ax:>pearance  of  the  cadaveric  lividity. 

Among  the  third  class  of  poisonous  substances  which  should  be 
named  in  this  connection  is  hydrogen  sulphide  (H^S),  which  is  formed  in 
the  vapor  of  sewers  and  dung-pits,  and  which  may,  when  inspired  in 
large  amounts,  produce  sudden  death  b}'  paralysis  of  the  nervous  system. 
By  long  contact  with  blood  containing  oxygen,  as  may  usually  be  seen 
in  decomposed  corpses,  sulphur-methaemoglobin  is  formed,  the  blood 
becoming  greenish  in  color. 

Apart  from  their  direct  action  on  the  nervous  system,  carbon  mon- 
oxide, hydrocyanic  acid,  and  hydrogen  sulphide  produce  deleterious 
effects  by  lowering  the  functional  powers  of  the  red  blood-cells,  through 
combination  with  the  haemoglobin. 

Another  large  gi'oup  of  poisons  injure  the  blood  chießy  by  destroying  the 
red  blood  corpuscles  and  forming  methcemoglobin .  By  methaemoglobin  we 
understand  a  combination  of  oxygen  with  the  haemoglobin;  the  amount 
of  oxygen  present  in  the  combination  being  the  same  as  in  oxyhaemo- 
globin.  The  haemoglobin,  however,  has  been  bound  up  with  the  oxy- 
gen into  a  more  stable  chemical  compound  than  oxy haemoglobin.     Such 
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an  action  is  y)roduced  by  oxidizing  substances,  as  ozone,  iodine,  sodium 
hypochloride,  chlorates,  nitrites,  and  nitrates;  l)y  reducing  agents,  as 
nascent  lij^drogen,  palladium  hydride,  pyrogallol,  jjyrocatechiu,  hydro- 
quinone,  and  alloxantin;  and,  finally,  by  substances  which  act  differently 
from  either  of  these,  as  aniline  salts,  toluidin,  and  acetanilid.  In  the 
change  from  haemoglobin  to  methsemoglobin  through  oxidizing  agents, 
oxyhaemoglobin  is  present  as  an  intervening  stage. 

The  production  of  methaemoglobin  can  take  place  as  well  in  the 
blood-corpuscles  as  in  the  coloring  matter  which  has  escaped  into  the 
blood-plasma ;  but  the  destruction  of  blood-corpuscles  and  the  escape  of 
haemoglobin  into  the  blood-plasma  are  not  always  followed  by  the  forma- 
tion of  methgemoglobin .  In  case  of  such  a  marked  destruction  of  red 
blood-cells  as  occurs  in  poisoning  from  i:)hallin,  helvellic  acid,  and 
arseniuretted  h.ydrogen,  only  a  portion  of  the  haemoglobin  is  changed 
into  methgemoglobin.  Haemoglobin  and  oxy haemoglobin  have  a  red 
color,  methaemoglobin  a  sepia-brown  color. 

Dissolution  of  the  red  corpuscles  and  the  formation  of  methaemoglo- 
bin is  seen  after  poisonings  which  have  produced  marked  local  tissue- 
changes,  as,  for  instance,  poisoning  with  acids,  salts  of  the  metals,  and 
phosphorus ;  but  a  great  number  of  other  substances  have  the  property 
of  attacking  the  blood  and  changing  the  coloring-matter. 

Pliallin,  a  toxalbumin  which  is  found  in  mushrooms  {Amanita  s. 
Agaricus  phalloides),  the  lielvelUc  acid,  which  occurs  in  fresh  Helvella 
esculenta  and  is  lost  if  the  fungus  is  dried,  and  arse))  in  retted  hyd)'or/e)i 
(AsHg)  have  a  marked  dissolving  action  on  the  red  blood-corpuscles, 
and,  in  consequence,  produce  an  increased  formation  of  biliar^"  pigment, 
as  well  as  a  deposition  of  the  derivatives  of  the  blood-coloring  matter  in 
the  liver,  kidneys,  and  spinal  marrow. 

Potassium  chlorate  (KCIO. ),  2)yrorjaUol  (CpH3[OH]3),  liyd)Xizin  (H^N — 
^IL,),toluyle)idiamin  (C.H.fJs'HJ.CH,),  mt)^ohe)izol  (C,H,[NOJ),  mtro- 
glycerin  (C3HJONOJ  j,  aimjl  nitrite  (C,H,,NOJ,  j^^'o'/r  «rü/  (C,H,[NOJ,- 
OH),  cmi7/??e  (CfHJNHj),  carltoii  disulphide  (CS.),  are  distinctive  in 
their  action,  in  that  they  sometimes  cause  the  destruction  of  the  red 
blood-corpuscles  in  the  formation  of  methaemoglobin,  and  they  some- 
times do  not. 

After  a  very  large  dose  of  potassium  chlorate  death  may  occur  in  a 
very  few  hours,  through  destruction  of  the  blood-corpuscles  and  the  ac- 
tion of  the  potassium,  with  the  development  of  vomiting,  diarrhoea,  dysp- 
noea, cyanosis,  and  weakening  of  the  heart.  The  blood  in  these  cases 
is  of  a  chocolate-brown  color.  In  more  protracted  cases  of  poisoning 
with  small  doses  we  find  the  products  of  the  destruction  of  the  blood  in 
the  spleen,  liver,  marrow  of  the  bones,  and  kidneys ;  and  the  urine  may 
show  a  color  varying  from  reddish-brown  to  black  (methaemoglobin). 
The  presence  of  delirium,  numbness,  coma,  and  cramps  during  the  ill- 
ness shows  that  the  central  nervous  system  is  markedly  affected.  Pyro- 
gallol produces  similar  symptoms.  Hydrazin  and  phenyl  hydrazin 
produce  multiple  ecchymoses,  besides  the  destruction  of  the  red  blood- 
cells,  with  the  production  of  methaemoglobin.  The  main  feature  of  tolu- 
ylendiamin-poisoning  is  the  breaking  up  of  the  red  blood-corpuscles, 
which  leads  to  the  deposition  of  iron-containing  pigment  in  the  spleen, 
liver,  and  bone-marrow.  In  cats  haemoglobin  may  also  be  excreted  by 
way  of  the  urine  (Biondi) .  In  picric-acid  poisoning  there  is  marked 
disturbance  of  the  central  nervous  system,  which  is  characterized  by 
severe  cramps,  in  addition  to  the  changes  in  the  blood  and  the  produc- 
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tiou  of  methsemoglobin.  In  a  similar  manner,  aniline  and  carbon  di- 
sulphide  not  only  cause  changes  in  the  blood,  but  also  act  harmfully  by 
X^aralyzing  the  nervous  system. 

In  the  last  group  of  blood-poisons,  as  the  chief  rej^resentatives,  are  to 
be  named  rlci)},  derived  from  the  seed  of  the  castor-bean,  and  abrin, 
found  in  the  seed  of  the  Abrus  precatoritis,  which  belongs  to  the  Papi- 
lionacese.  These  poisons  cause  coagulation  of  the  blood  and  at  the 
same  time  induce  degenerative  changes  in  the  blood-vessels,  the  heart, 
the  intestines,  and  the  kidneys.  Ricin  is  very  virulent,  and  may  be 
absorbed  from  wounds  and  from  the  alimentary  tract,  producing  weak- 
ness, vomiting,  colic,  bloody  dejecta,  icterus,  cramps,  and  anuria.  In 
the  intestine  ricin  is  competent  to  cause  thrombosis  of  the  blood-ves- 
sels and  ulcerations  of  the  mucous  membrane. 

Abrin  is  also  very  ])oisonous  and,  when  introduced  into  the  blood  in- 
doses  of  a  few  hundredths  of  a  milligram  per  kilo  of  the  body-weight  of 
the  animal,  can  produce  death.  Upon  the  mucous  membrane  it  pro- 
duces, even  when  ver}^  dilute,  coagulation  in  the  blood-vessels,  and, 
later  on,  inflammation.  AVhen  the  poison  enters  the  blood  it  induces 
sleeplessness,  a  decrease  in  the  warmth  of  the  body,  and  bloody  stools. 
In  persons  who  have  died  from  the  effects  of  the  poison  the  post-mor- 
tem examination  reveals,  according  to  Werhovsky,  well-marked  degene- 
ration of  the  muscular  substance  of  the  heart,  a  disorganization  of  the 
blood  corpuscles,  hyper^emia  of  the  abdominal  organs,  and  hemorrhages 
and  inflammatory  areas  in  the  intestines. 

§  11.  The  last  group  of  poisons,  which  are  generally  classed  together 
as  nerve=  and  heart=poisons,  are  principally  characterized  by  the  fact 
that  notwithstanding  the  severit}^  of  the  symptoms,  which  show  them- 
selves in  the  form  of  irritations  and  palsies,  anatomical  changes  are 
either  not  susceptible  of  being  recognized,  or  at  least  they  are  not  so  in 
a  manner  that  can  be  looked  upon  as  characteristic  in  a  given  case  of 
poisoning.  This  is  esi^ecially  the  case  when  the  j^oison  produces  death 
very  quickly ;  for  during  the  course  of  protracted  poisoning,  or  chronic 
poisoning  from  small  doses  extending  over  months  and  years,  anatomi- 
cal changes  very  easily  recognized  are  often  found — a  fact  which  shows 
that  these  poisons  do  not  produce  solely  functional  changes  in  the  ner- 
vous system,  but  more  frequently  produce  a  damaging  effect  on  the  cell- 
protoplasm,  which  finds  expression  in  degenerations. 

Among  the  very  numerous  poisons  ivhich  act  especially  upon  the  nervous 
system,  and  thus  may  produce  death  through  its  paralysis,  belong,  as  the 
most  important  members  :  chloroform,  ether,  hyponitrous  oxide,  alcohol, 
chloral  hydrate,  opium  and  its  alkaloid  morphine,  cocaine,  atropine, 
hyoscyamine,  daturine  {Stramonium-ati'opine),  nicotine,  coniine, 
cicutoxin,  santonin,  camphor,  quinine,  veratrine,  colchicine,  aconitine, 
strychnine,  cytisin,  and  curarine. 

As  heart-poisons  are  to  be  especially  noted :  digitalin,  helleborin,  and 
muscarine. 

Chloroform  (CIICl  3)  acts  in  an  irritating  manner  when  applied  directly  to  the  mucous 
membranes,  and  may  produce  transitory  inflammations.  When  it  is  inhaled,  or  when 
it  is  conveyed  to  the  blood  by  means  of  the  intestinal  tract,  there  ensues,  after  a  short 
period  of  excitation,  a  diminution  of  the  irritability  of  the  gray  and  the  white  matter 
of  the  brain.  According  to  Binz,  a  slight  coagulation  of  the  protoplasm  of  the  ganglion 
cells  is  produced.  Death  may  be  caused  by  paralysis  of  the  central  nervous  system,  as 
well  as  through  early  stoppage  of  the  heart — the  latter,  however,  occurring  only  when 
the  heart  is  abnormally  weak  or  degenerated,  though  perhaps  also  when  the  irritation 
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produced  by  the  chloroform  upon  the  mucous  membrane  of  the  nose  causes  an  unduly 
«trong excitement  of  the  inhibitory  nerves  of  the  heart.  Finally  long-protracted  exhibi- 
tion of  chloroform  may  produce  degenerative  changes  in  various  organs,  as  the  heart, 
kidneys,  liver,  tiie  muscies,  and  the  blood. 

Ether  (diethyl  ether,  CiHo.O.CoH.,)  acts  similarly  to  chloroform,  yet  it  is  le.ss 
poisonous  and  acts  less  detrimentally  upon  the  functional  activity  of  the  heart. 

Hyponitrous  oxide  (NJ))  acts  especially  upon  tlie  cerebrum,  destroys  sensation  of 
pain,  and  paralyzes  consciousness ;  later  on,  the  action  extends  to  the  spinal  cord,  the 
inedulla  oblongata,  and  the  heart. 

Alcohol  (C2II5HO),  after  temporarily  producing  excitement,  acts  as  a  depressant  and 
paralyzant  of  the  brain,  and  produces  at  the  same  time  a  dilatation  of  the  arteries  of  th»- 
skin,  so  that  in  a  drunken  person  a  severe  clii  Hing  through  the  skin  can  eiusily  take  place. 
Death  can  follow  suddenly,  in  a  maimer  similar  to  what  is  observed  in  apoplexy  ;  mon- 
frequently  it  produces  a  gradually  deepening  loss  of  consciousness  and  sensorial  percep- 
tion, the  breathing  becomes  slower,  tlie  pulse  small,  the  countejiance  cyanotic  ;  complei*- 
coma  and  general  paralysis  close  the  picture.  The  iumioderate  use  of  alcohol  extending 
over  months  or  years  may  produce,  on  the  one  hand,  pathological  accumulations  of  fat 
in  the  regions  where  fat  is  normally  to  be  found,  and,  on  the  other  hand,  it  may  cause 
degeneration  of  the  glandvUar  organs,  especially  the  kidneys  and  liver,  followe«!  by  over- 
gi'owth  of  the  connective  tissue,  with  atrophy  of  tlKi  liver  and  kidneys,  and,  in  addition, 
sclerosis  and  atheroma  of  the  arteries,  degenerations  in  the  brain,  etc.  It  is.  however, 
impossible  to  say  at  the  present  time  in  what  manner,  how  freciuently,  and  to  what  ex- 
tent these  symptoms  belong  to  the  use  of  alcohol.  It  is  certain  that  the  drunkard  fre- 
quently suffers  from  indigestion,  diseases  of  the  circulation,  laryngitis,  pharyngitis, 
bronchitis,  and  disturbances  of  the  cerebral  functions,  and  that  the  disease  of  the  brain 
which  is  produced  by  alcoholism  and  is  called  delirium  tremens  is  marked  by  twi tell- 
ings of  the  mu.scles,  obstinate  sleeplessness,  anxiety,  and  hallucinations. 

Chloral  hydrate  (('('l3.CH().H.>())  has  a  local  irritating  action  on  the  mucous  mem- 
branes, and  a  paralyzant  action  through  the  blood  upon  the  brain,  spinal  cord,  and  lieart. 
and  thus  produces  sleej).  When  death  occurs  from  an  overdose,  deep  coma  and  relaxa- 
tion of  all  tissues  are  observed,  with  cedema  of  the  lungs. 

Opium  and  morphine  {Ci^Hij^Oj)  produce  depression  of  the  functions  of  the  brain, 
leading  to  sleep,  though  in  some  persons  this  is  preceded  by  a  condition  of  excitation. 
Large  doses  produce  unconsciousness,  muscular  paralysis,  slowing  and  weakening  of  the 
action  of  the  heart,  contraction  of  the  pupils,  slowing  of  intestinal  peristalsis,  diminu- 
tion in  the  exchange  of  gases  in  the  blood,  and  an  inhibition  of  the  normal  irritability 
of  the  respiratory  centres.  There  are  no  characteristic  post-mortem  lesions  ;  the  blood 
is  dark  and  liquid.  Chronic  opium-ingestion  may  produce  disturbances  indigestion, 
dizziness,  sleeplessness,  neuralgias,  imbecility,  impotence,  aufemia,  hallucinations, 
tremors  in  the  hands,  fever,  etc.,  w^hich  may  vary  much  in  different  individuals.  The 
system  in  chronic  morphinism  becomes  accustomed  to  increasingly  large  doses  ;  with- 
drawal of  the  drug  produces  severe  nervous  symptoms,  and,  under  certain  conditions, 
dangerous  collapse. 

Cocaüie  (C 17 H.21O 4)  produces  peripheral  dulling  of  the  sensibility  of  the  terminal 
sensory  nerve-lilaments  ,  centrally,  first  irritation,  then  paralysis.  The  chronic  cocaine 
habit  may  produce  symptoms  similar  to  those  seen  in  chronic  morphinism. 

Atropine  and  hyoscyamine  (daHoaXO;,),  alkaloids,  which  are  found  in  the  members 
of  the  order  SolanaceiTe  (deadly  nightshade,  thorn-apple,  and  hyoscyamus),  have  a  para- 
lyzing action  on  the  peripheral  nerve-filaments  and  finally  irritate  and  then  paralyze  the 
centres.  A  solution  of  atropine  introduced  into  the  eye  produces  dilatation  of  the  pupil 
and  paralysis  of  accommodation  for  near  vision,  through  its  action  on  the  terminal  fibres 
of  the  oculo-motor  nerve  in  the  iris.  Atropine  may  further  inhibit  the  secretion  of 
glands  (as  the  submaxillary)  ;  under  its  action,  also,  intestinal  peristalsis  ceases  through 
deprivation  of  the  necessary  nerve-stimulus.  Through  the  action  of  this  poison  on  the 
brain  we  may  have  excitation,  gaiety,  laughter,  leading  even  to  insanity  and  madness, 
followed  by  paralysis.     Post-mortem  examination  is  negative. 

Nicotine  (CioHijN.j),  a  volatile  alkaloid  found  in  the  tobacco-plant*  acts  upon  both 
the  peripheral  and  the  central  nervous  system,  producing  nausea,  salivation,  vomiting, 
diarrhoea,  dizziness,  muscular  weakness,  headache,  convulsions,  delirium,  and  paralysis. 
Chronic  nicotine-poisoning  may  be  followed  by  nervous  diseases  and  distm'bances  of 
the  heart's  action.  According  to  ^'as,  there  is  both  in  chronic  alcohol  and  nicotine 
poisoning  a  characteristic  degeneration  of  the  ganglion-cells,  the  chromatin  structure 
becoming  homogeneous. 

Coniine   (C-HisN),  an  alkaloid  of  hemlock,  acts  as  a  paralyzant  of  the  peripheral 

motor  terminal  nerve-fibres,  irritating  and  then  paralyzing  the  central  nervous  system. 

Cicutoxin^  a  poisonous  resin  extracted  from  the  water-hemlock  {Cicutavirosa),  causes 

nausea,  vomiting,  attacks  of  colic,  palpitation  of  the  heart,  cramps,  and  unconsciousness. 
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Santonin  (CisHiaOs)  produces  cramps  originating  in  the  brain  and  spinal  cord,  with 
benumbing  of  the  sensorium,  vertigo,  vomiting,  salivation,  and  yellow  vision,  or  xan- 
thopsia, in  which  white  is  seen  as  yellow  and  blue  as  green. 

Quinine  (CooHa^NoOo),  the  most  important  of  the  numerous  vegetable  alkaloids,  found 
in  the  bark  of  cinchona  and  other  plants  of  the  same  order,  acts  in  a  paralyzing  manner 
upon  the  living  protoplasm,  and  in  relatively  small  doses  inhibits  the  functional  capac- 
ity for  work  of  the  cerebrum.  Large  doses  produce  death  by  paralysis  of  the  centres  of 
respiration  and  of  the  heart. 

Aconitin^  colchicine,  and  veratrine  produce  local  irritations  and,  later,  benumbing  of 
the  peripheral  endings  of  the  sensory  nerves.  On  the  central  nervous  system  they  act  as 
irritants  and  finally  as  paralyzants. 

Strychnine  (CoiHoaNgO,),  derived  especially  from  the  plant  nux  vomica,  causes  in- 
creased reflex  irritability  of  the  nerve-centres,  so  that  the  slightest  external  irritation 
produces  tetanic  convulsions.  Death  may  occur  in  from  ten  to  thirty  minutes  after  the 
first  attack  of  convulsions,  and  results  through  central  paralysis — namely,  of  the  vaso- 
motor centre. 

Curarine  (CsfiHsäN),  the  most  active  principle  of  the  arrow-poison  curare,  which  is 
probably  derived  from  the  cortical  portion  of  the  roots  of  many  plants  of  the  Strychnia 
family,  paralyzes  in  small  doses  the  terminal  fibres  of  the  musculo-motor  nerves. 
Larger  doses  paralyze  the  central  nervous  system  and  the  vaso-motor  nerves,  after  a  tem- 
porary excitation. 

JDigitalin  and  digitalein,  two  glucosides  obtained  from  the  foxglove,  act  locally  as 
irritants,  and  also  exercise,  after  absorption,  an  irritating  action  on  the  heart,  vagus-cen- 
tre, and  muscular  fibres  of  the  blood-vessels,  so  that  there  is  produced,  by  the  slowing  of 
the  heart,  an  increase  in  blood-pressiu-e.  Larger  doses  produce  headache,  delirium,  ring- 
ing in  the  ears,  irregularity  in  the  frequency  of  the  heart's  action,  convulsions,  and  coma. 

Helleborin,  aglucoside  from  hellebore,  acts  similarly  to  the  preparations  of  digitalis. 

Muscarine  {CsHi 51^0 3),  the  poison  of  the  fly-mushroom,  acts  as  an  irritant  upon 
those  peripheral  nerve-filaments  which  atropine  paralyzes.  In  poisoning  by  muscarine, 
death  takes  place  not  from  paralysis  of  the  heart,  but  from  the  intense  excitation  of  the 
inhibitory  centres  producing  stoppage  of  its  action.  In  general,  after  the  ingestion  of 
this  poison,  we  have  salivation,  vertigo,  anxiety,  nausea,  vomiting,  diarrhoea,  convul- 
sions, and  finally  unconsciousness.  Small  doses  produce  a  condition  similar  to  that  seen 
in  inebriation,  with  a  state  of  excitation. 

In  the  foregoing  summary  of  poisons,  which  necessarily  comprises  but  a  superficial 
examination  of  a  few  out  of  the  entire  number  of  such  agents,  I  have  in  general  followed 
the  arrangement  in  groups  used  by  Robert  in  his  "Text-book  on  Intoxications."  A 
deeper  knowledge  than  that  which  we  have  at  present  concerning  the  physiological  action 
of  these  poisons  will  probably  iead  in  the  future  to  another  mode  of  classification. 
Loew '  has  lately  attempted  to  make  a  classification  of  poisons  according  to  their  action 
on  the  manifestations  of  life — i.e.,  upon  the  living  protoplasm.  He  divides  them  into 
two  large  groups — namely,  general  poisons,  those  which,  in  moderate  concentration,  act 
fatally  upon  the  entire  organism  ;  and  special  poisons,  those  which  do  not  injure  certain 
classes  of  organisms.  The  general  poisons  are  characterized  chiefly  by  their  power  to 
change  the  chemical  character  of  the  proteids  out  of  which  the  living  protoplasm  is 
formed.  Among  these  can  be  differentiated  :  1,  oxidizing  poisons  (ozone,  chromic  acid, 
manganic  acid,  hypermanganic  acid,  hypochlorites,  hydrogen  peroxide,  chlorine, 
bromine,  iodine,  phosphorus,  and  arsenious  acid) ;  2,  poisons  having  a  catalytic  action 
(ethyl  ether,  chloroform,  chloral,  many  carbohydrates,  etc.),  which  transfer  to  the  pro- 
toplasm the  unstable  condition  of  their  molecules,  and  thus  tend  to  produce  chemical 
changes  in  the  unstable  (labilen)  albumin  ;  3,  poisons  acting  by  the  production  of  salts  (acids, 
soltible  mineral  bases  and  caustic  alkalies,  alkaline  earths,  and  salts  of  the  heavy  metals) 
which  form  chemical  combinations  in  the  proteid  materials ;  4,  substitution-poisons  ^. 
(hydroxy lamin,  diamide,  phenyl  hydrazin,  ammonia,  carbolic  acid,  hydrocyanic  acid, 
etc.),  which  even  when  greatly  diluted  interfere  with  the  aldehyde-  or  amido-groups. 
Special  poisons  are  classified  as:  1,  toxic  proteids — i.e.,  (a)  toxalbumins  (produced  by 
bacteria  and  poisonous  to  animals),  (&)  alexins  and  immunitoxins  (produced  in  animals 
physiologically  or  pathologically,  and  poisonous  for  bacteria),  (c)  vegetable  enzymes  (abrin 
and  ricin,  produced  from  phanerogams  and  the  higher  fungi,  and  poisonous  to  animals), 
{d)  animal  enzymes  (produced  by  certain  animals,  snakes,  fishes,  and  spiders,  and  poi- 
sonous to  other  animals)  ;  2,  organic  bases  (strychnine,  atropine,  curare,  etc.)  having  an 
unknown  action  ;  3,  poisons  working  indirectly,  which  interfere  with  the  processes  of  res- 
piration (carbon  monoxide,  sulphites),  or  act  as  poisons  through  decomposition  (nitrites, 
iodine  combinations),  or  act  destructively  through  changes  in  the  formative  conditions 
of  organized  tissues  (neutral  salts  of  the  alkalies,  the  alkaline  earths,  oxalates). 

1  "Natürliches  System  der  Gifte,"  München,  1893. 
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3.    The    Origin   of  Diseases    through   Infection   or   Parasitism. — Miasms 
and  Contagions. —  Vegetable  and  Animal  Parasites. 

§  12.  As  we  liave  seen  in  §§  8-11,  there  occur,  in  the  intoxications, 
morbid  vital  phenomena  which  are  produced  by  definite  chemical  sul> 
stances,  the  mode  and  severity  of  their  action  being  dependent  not 
merely  upon  the  character  of  the  poison  but  also  upon  the  dose  em- 
ployed— that  is,  if  the  idiosyncrasies  of  the  subjects  of  the  poisoning 
and  the  special  mode  of  ai)plication  of  the  poison  are  not  taken  into 
consideration. 

In  those  diseases  which  arise  from  infection,  and  therefore  are 
called  infectious  diseases,  we  have,  on  the  contrary,  to  deal  with  dis- 
eased vital  'phenomena,  which,  if  we  disregard  the  individual  susceptibil- 
ity of  the  infected  person  and  the  peculiar  mode  of  entrance,  into  the 
body,  of  the  infecting  material,  are  dependent  solely  upon  the  character 
of  the  infecting  agent ;  while  the  amount  of  the  dose,  if  it  possesses  any 
significance,  has  at  least  only  a  subordinate  one. 

The  explanation  of  this  difference  between  intoxication  and  infection 
consists  in  the  fact  that,  in  the  first  case,  intoxication,  the  poison  does 
not  increase  within  the  body,  while  in  infection  the  harrnfid  S}d>stance 
increases  after  its  entrance  into  the  organism,  so  that  amounts  of  infective 
material  so  small  as  to  be  utterly  inappreciable  by  us  sufiice  to  produce 
the' severest  fatal  diseases.  The  dose,  or  quantity,  of  infecting  material 
has  this  influence,  therefore,  upon  the  succeeding  illness — namely,  that 
a  larger  amount  makes  the  infection  more  probable ;  that  is,  the  repro- 
duction of  the  injurious  material  within  the  body  takes  \)\ücq  more 
rapidly,  and  the  constantly  increasing  material  of  infection  will  there- 
fore in  a  shorter  time  attain  such  ^proportions  that  pathological 
processes  must  develop  in  the  tissues,  and  must  at  the  same  time  be 
accompanied  by  recognizable  symx^toms. 

The  injurious  elements  which  are  produced  by  infectious  diseases 
always  find  their  waj^  from  the  outer  world  into  the  human  organism, 
and  cause  an  illness  zvhich  may  follow  a  pathognomonic  course ;  and  from 
the  peculiarities  of  this  course  it  is  possible  to  conclude  that  we  are 
dealing  with  a  specific  variety  of  injurious  influence — one  that  behaves 
in  an  entirely  characteristic  manner.  In  pregnant  women  the  infectious 
matter  may  be  transmitted  from  the  organism  of  the  mother  to  her 
child  in  idero. 

If  an  infectious  disease  attacks  a  number  of  individuals  in  a  given 
locality,  it  is  termed  either  a  pestilence  or  an  epidemic. 

A  study  of  professional  observations  shows  that,  in  a  certain  num- 
ber  of  cases,  the  noxious  influence  producing  a  certain  infectious  disease 
manifests  its  activity  in  certain  localities,  causing  sickness  among  the 
people  of  a  given  district.  In  other  cases  contact  with  the  diseased 
person,  or  proximity  only,  or  using  something  which  that  person  has 
used,  or  still  other  ways — as,  for  instance,  through  dejecta  or  sputum 
upon  uncleaned  objects — may  produce  the  disease.  Finally,  it  may 
occur  that  infecting  material  is  produced  only  occasionally  in  a  given 
locality,  and  only  when  a  patient  visits  that  particular  region  and  by 
his  presence  leads  to  the  i:)roduction  there  of  the  infectious  material. 
Out  of  the  various  conditions  enumerated,  occasion  has  been  taken  to 
divide  the  matters  which  are  capable  of  producing  infectious  diseases 
into  various  groups  and  to  designate  these  under  particular  names.     If 


MIASMS   AND   CONTAGIOUS   DISEASES.  29 

iüfectious  material  is  connected  with  a  certain  locality  it  is  called  a 
miasm,  and  receives  this  name  on  the  ground  that  the  particular  region 
produces  the  infectious  material.  If  one  particular  region  alone  pro- 
duces the  disease  it  is  termed  a  local  miasm,  and  if  present  everywhere 
it  is  termed  a  iibiquifoas  miasm.  To  these  miasmic  diseases  belong 
especially  malaria,  and  also  croupous  pneumonia,  articular  rheumatism, 
man}'  wound-inflammations,  septic  osteomyelitis,  and  ulcerative  endo- 
carditis. 

AVhen  the  infection  is  carried  directh'  from  man  to  man,  and  spreads 
through  houses,  villages,  cities,  and  countries,  it  is  termed  a  conta= 
gium,  and  it  is  consequently  understood  that  the  i)lace  in  which  the  or- 
ganism grows  is  within  the  human  body,  or  it  may  be  also  in  some 
inferior  animal,  while  outside  the  human  or  animal  body  neither  pro- 
duction nor  multiplication  of  the  infecting  material  takes  place.  To 
such  contagious  diseases  belong  smallpox,  measles,  scarlet  fever,  diph- 
theria, typhus  fever,  relapsing  fever,  anthrax,  hydrophobia,  gonorrhoea, 
whooping-cough,  influenza,  many  catarrhs  of  the  mucous  membranes, 
tuberculosis,  syphilis,  glanders,  and  leprosy. 

When  an  infectious  material  is  characterized  by  the  fact  that  it 
develops  in  a  certain  district  onh^  when  a  patient  suffering  from  the 
disease  chances  to  visit  this  particular  locality  and  there  gives  rise  to 
an  outbreak  of  an  epidemic,  we  have  what  is  called  a  miasmatic=conta= 
gious  disease ;  the  assumption  being  warranted,  under  these  circum- 
stances, that  the  infecting  matter  had  spread  from  the  organism  of  the 
first  patient,  had  then  multiplied  at  some  given  spot,  and  finally  had  of 
itself,  or  with  the  help  of  certain  local  influences,  attacked  the  resident 
population  of  the  locality  in  an  epidemic  fashion.  Such  miasmatic-con- 
tagious diseases  are  cholera,  tj^phoid  fever,  dysenteries,  yellow  fever, 
and  the  plague. 

The  nature  of  the  causes  of  these  miasms  and  contagious  diseases 
remained  concealed  from  the  older  practitioners.  If  such  an  infectious 
disease  made  its  appearance  in  the  form  of  a  x^lague  or  epidemic  its 
cause  was  sought  in  cosmic  and  telluric  conditions,  and  it  was  spoken 
of  as  a  constiftitio  epidemica  or  a  cortstitiitio  pestilens.  Only  within  the 
last  few  decades  has  our  knowledge  of  the  etiology  and  nature  of  infec- 
tious diseases  made  true  progress,  and  it  has  been  shown  that  infectious 
diseases  are  parasitic  diseases  the  origin  of  loliicli  is  attributable  to  an 
increase  of  small  living  organisms  ivithin  the  human  body.  While  it  is  true 
that  only  some  of  the  infectious  diseases  are  known  positively  to  be  pro- 
duced by  parasites,  it  is  most  highly  probable  that  all  are  due  to  such 
agency.  The  proofs  that  the  causation  of  infectious  diseases  is  thus 
related  to  living  substances  capable  of  reproduction — to  a  contagium 
animativm — are  deduced  princiiDally  from :  first,  the  fact  that  the  dele- 
terious influence  produced  by  a  certain  infectious  disease,  where  it  is 
once  present,  continues  to  renew  itself  endlessly,  so  that  from  a  single 
case  innumerable  others  may  be  infected;  secondly,  the  fact  that  a 
minute  and  imponderable  amount  of  infectious  matter  is  sufficient  to 
convey  disease  to  an  individual,  and  afterward  to  produce  effects  of  the 
most  striking  character  upon  the  organism  of  this  individual — circum- 
stances which  could  scarcely  be  exi^lained  in  any  other  way  than  by 
assuming  that  the  detrimental  substance  actually  multiplies  itself  within 
the  human  body. 

The  attempt  has  been  frequently  made  to  explain  the  manifestations 
of  infection  through  the  action  of  noxious  gases  or  soluble  ferments. 
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These  hypotheses,  however,  are  wholly  insufficient;  for  they  either 
leave  the  phenomena  which  are  observed  in  the  course  and  spread  of 
these  epidemics  unexx^lained,  or  else  the  explanations  adduced  are  open 
to  well-founded  objections. 

The  parasites  which  are  capable  of  causing'  infectious  diseases  belong 
to  the  lowest  orders  of  the  vegetable  and  animal  kingdoms.  Among  the 
plants  the  Schizomycetes  or  bacteria  are  the  most  important;  among 
the  animal  parasites  the  smallest  of  living  protoplasmic  l)odies,  called 
Protozoa,  play  a  prominent  ])art.  Among  tlie  more  highly  organized 
plants  are  the  Saccharomycetes  and  Hyphomycetes,  whose  pathogenic 
importance  is  much  less  than  that  of  the  bacteria.  Among  the  animal 
parasites  occurring  in  man  are  a  number  of  worms  (Nematoda,  Trema- 
toda,  and  Cestoda)  and  Arthropoda  (Arachuida  and  Insects).  Their 
action  is,  however,  markedly  limited,  and  the  pathohjgical  conditions 
produced  by  them  are  not  generally  classified  as  infectious  diseases  in 
the  true  sense  of  that  term. 

For  the  production  of  a  true  infection  a  given  ])arasite  must  increase 
and  reproduce  itself  through  a  number  of  generations  within  the  human 
body,  and  must  spread  more  or  less  widely  throughout  the  tissues. 
This  definition  being  accepted,  and  at  the  same  time  the  itch-insect 
being  excluded  (for  it  reproduces  many  generations  in  the  skin),  we 
must  place  in  this  class  only  the  i)arasitic  Schizomycetes,  Saccharomy- 
eetes,  and  Protozoa.  The  majority  of  the  more  higlily  organized  ani- 
mal parasites  live  only  a  portion  of  their  lives  within  an  individual 
organism— i.e.,  within  the  same  host.  Such  ])arasites  as  multiply 
wdtliin  the  invaded  organs  by  means  of  the  production  of  eggs  or  of 
formed  offspring  are  devoid  of  the  i)ower  to  become  again  reproductive 
in  the  same  host. 

Parasitic  infection— i.e.,  the  entrance  into  the  human  body,  and  the 
increase,  of  a  parasite — can  occur  in  almost  every  portion  of  the  body. 
The  most  usual  seats  of  infection  are  the  mucous  membranes  that  are 
most  easily  accessible  from  without,  particulajly  the  intestinal  and  res- 
piratory tracts.  In  many  cases  the  i:)arasites  are  introduced  in  the  food 
and  the  drink,  especially  in  water.  The  pathogenic  organisms  being 
for  the  greater  part  very  small  and  easily  suspended  in  the  atmosphere, 
they  are  by  this  means  carried  about  everywhere.  They  are  often  ob- 
tained from  respired  air,  and  are  found  distributed  partly  in  the  respi- 
ratory tract,  partly  in  the  alveoli  of  the  lungs,  where  they  remain 
clinging  to  the  walls,  and  frequently  are  taken  up  into  the  tissues. 

Wounds  form  a  broad  field  for  the  entrance  of  small  parasites.  Be- 
coming infected  by  means  of  the  air,  or  from  contact  with  unclean  fluids 
or  with  solid  objects,  they  thus  furnish  the  starting-point  of  an  infec- 
tion. Finally,  many  parasites  can  attack  an  injured  cutaneous  surface, 
and  there  increase,  giving  rise  in  this  manner  to  infectious  diseases. 

The  belief  that  certain  diseases,  as  the  plague,  were  of  parasitic  origin,  is  very  old, 
and  found  expression  in  the  works  of  Kirchei-' (1602-1680),  Lancisi  (1654-1720),  Linne 
(1707-1778),  and  others.  Confirmation  of  the  parasitic  origin  of  infectious  diseases, 
however,  has  been  obtained  only  in  these  later  times.  A  few  decades  ago  Henle.  Lie- 
bermeister, and  others  put  forward  the  belief  that  only  upon  the  assumption  of  a  con- 
tagium  animatum  could  we  explain  the  peculiarities  of  infectious  diseases  ;  but  it  is 
only  within  the  last  twenty  years  that  the  doctrine  of  their  parasitic  origin  has  obtained 
a  really  firm  foimdation. 

The  influence  which  climate  exerts  upon  man — the  effects  of  temperature  being 
left  out  of  the  accomit — is  essentially  dependent  upon  the  consideration  whether  or  not 
the  special  micro-organisms  which  have  the  power  of  producing  disease  develop  in  the 
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soil  of  that  particular  locality.  A  harsh,  rough,  windy  climate  may  thus  he  healthy, 
while  one  that  is  mild  and  subject  to  but  slight  variations  of  temperature  may  be  an 
unhealthy  one.  In  well-populated  regions  the  question  naturally  arises  whether  infec- 
tious diseases  are  to  be  found  among  the  inhabitants.  Periodic  fluctuation  in  the  viru- 
lence of  the  noxious  influence  in  a  certain  climate  is  partly  dependent  upon  the  fact 
that  micro-organisms  do  not  multiply  in  the  same  ratio  at  all  seasons,  and  partly  upon 
the  fact  that  pathogenic  micro-organisms  present  in  the  soil  do  not  always  get  into  the 
drinking-water  and  into  the  atmosphere,  or  at  least  are  only  occasionally  brought  in  this 
manner  into  the  human  organism. 

According  to  Pettenkofer,  the  spread  of  miasmatic-contagious  diseases — as,  for  in- 
stance, cholera — is  not  to  be  explained  by  the  fact  that  the  bacteria  from  the  dejecta  of 
a  patient  are  able  to  survive  outside  the  body  for  a  given  length  of  time,  and  under 
favorable  circumstances  to  develop,  and  then  through  drinking-water,  food,  or  unclean 
hands  to  find  their  way  into  the  mouth  and  the  intestinal  tract,  and  again  cause  cholera 
in  the  human  subject.  He  believes,  rather,  that  the  infecting  germ,  having  reached  the 
soil,  is  capable  of  producing  its  characteristic  poison  only  when  certain  temporary  local 
conditions  are  present — that  the  poison  there  increases  its  virulence  by  reason  of  its 
combining  with  an  unknown  something  due  to  certain  conditions  of  the  soil,  in  order 
to  be  capable  of  reproducing  the  poison  of  the  disease.  The  latest  researches  concerning 
the  etiology  and  spread  of  typhoid  fever  and  cholera  have  not  confirmed  this  supposi- 
tion ;  they  point,  instead,  to  the  fact  that  the  bacteria  of  cholera  and  typhoid  fever  are 
sufficient  in  and  of  themselves,  in  certain  cases,  to  produce  infection.  It  follows  from 
what  has  already  been  said  that  cholera-bacteria,  when  introdttced  into  the  alimentary 
tract  of  man,  or  into  that  of  certain  animals,  may  produce  the  disease  known  as  cholera. 

§  13.  The  disease=producing  bacteria  are  very  small,  unicellular 
masses  of  proto])lasm,  which  appear  iu  the  form  of  little  spheres  (cocci) 
and  fine,  straight,  or  curved  rods  (bacilli  and  spirilla) ,  frequently  unit- 
ing among  themselves  to  form  i^eculiar  combinations.  Some  of  them 
multiply  in  the  outer  world,  and  thence  occasionally  enter  the  human 
bod}'.  Others,  on  the  contrary,  are  so  constituted  that  they  cannot 
multiply  in  the  outer  world,  and  only  reproduce  themselves  when  within 
the  human  or  animal  body.  Tltejioiliolof ileal  bacteria  have  therefore  been 
classified  as  ectogenic  and  eudogouc :  the  first  are  identified  with  the 
miasmatic  diseases,  the  second  with  the  con  tag  ions.  This  division  can- 
not, however,  be  strictly  adhered  to,  since  some  bacteria  that  generally 
multiply  only  within  the  animal  organism  may,  under  certain  condi- 
tions, develop  outside  these  organisms;  so  that,  in  a  certain  sense,  a 
contagium  may  become  a  miasm. 

On  the  other  hand,  it  is  not  necessary  for  the  spreading  of  a  disease 
caused  by  ectogenic  bacteria  that  the  Schizomycetes  shall  multiply  out- 
side the  human  body ;  there  occurs  more  frequently  an  infection  from 
individual  to  individual.  For  instance,  the  bacillus  of  anthrax  can 
multiply  in  the  outer  world  as  well  as  in  animal  tissues,  and  the  spread 
of  the  disease  may  occur  through  direct  infection  of  one  iDerson  hj 
another,  or  of  a  human  being  by  an  animal,  equally  as  well  as  by  the 
man  or  animal  receiving  the  infection  from  culture-media  of  any  kind. 
The  cocci  which  \)yo(\mgq  suppuration,  or  those  of  inflammation  of  the 
lungs,  can  infect  a  hitherto  healthy  individual  directly  from  the  outer 
world  where  they  have  been  x^ropagated,  quite  as  well  as  from  another 
diseased  individual. 

Therefore  it  is  impossible  to  draw  a  definite  boundary -line  between 
miasms  and  contagions,  or  between  ectogenic  and  endogenic  bacteria. 
This  distinction  has,  indeed,  as  yet  do  great  value,  except  that  in  many 
infectious  diseases  one  of  these  two  forms  predominates,  and  there  are 
infections  concerning  which  we  know  of  but  one  mode  of  spreading. 
Thus,  for  instance,  smallpox  and  measles,  whose  infecting  materials 
have  not  yet  been  discovered,  are  diseases  in  which  spreading  is  known 
to  occur  only  through    direct  and  indirect  contagion;    and  similarly, 
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we  are  warranted  iu  assuming  that  the  poison  of  s_\  ])hilis  cannot  multi- 
ply outside  the  human  body. 

Outside  the  human  body  pathogenic  bacteria  are  found  both  iu  solids 
and  in  licpiids,  and  also  in  the  air.  In  regard  to  those  forms  which  may 
increase  outside  the  human  body  (the  bacteria  of  cholera,  of  tyi)hoid 
fever,  of  anthrax,  of  suppuration,  and  of  actinomycosis),  they  are  found 
to  be  contained  in  the  water  fouled  by  organic  sul)stances,  in  moist  soils 
rich  in  organic  substances,  and  in  dead  animal  or  vegetable  tissues  con- 
taining moib«  ^.  They  are,  besides,  often  present  in  dry  earths  and 
dried  tissues,  and  from  these  can  pass  into  the  air,  as  well  as  from 
fluids.  Thus  severe  wind-storms,  clouds  of  dust,  and  sprinkling  the 
streets  favor  their  distribution.  It  is  true  that,  in  the  drying  of  sul> 
stances  containing  bacteria,  some  die,  since  they  cannot  survive  com- 
plete desiccation.  Many  of  the  pathogenic  bacteria,  however,  ])roduce 
a  resistant  form  (spores),  and  are  thus  able  to  resist  thorough  drying,  and 
consequently  to  maintain  their  vitality  in  the  air.  If  in  this  condition 
they  come  in  contact  with  solids  or  fluids,  and  become  attached  to  them, 
they  may  remain  alive  here  for  a  long  period;  and  if  the  circumstances 
are  favorable — i.e.,  if  they  find  a  proper  nourishing  material  and  the 
necessary  water,  and  if  the  temperature  of  the  locality  reaches  the 
height  necessary  for  their  develo]mient — they  may  again  multiply. 

If  bacteria  which  cannot,  under  normal  conditi(jns,  ])ro])agate  their 
kind  outside  the  living  animal  tissues,  exist  for  a  long  time  outside  the 
body,  it  is  because  they  produce  forms  which  withstand  dr\  ing  or  which 
are  not  immediately  destroyed  by  chemical  ]:)roducts  in  the  surrounding 
fluids,  moist  earth,  or  the  tissues  in  which  tliey  lie.  For  a  limited  time 
these  organisms  can  cling  to  the  most  varied  objects  and  yet  live,  i)ro- 
ducing  for  a  while  the  danger  that  individuals  may  become  infected 
from  objects  not  properly  cleaned.  If  the  bacteria  live  in  spite  of  dry- 
ing, the  dust  of  the  streets,  of  the  floors  and  walls  of  houses,  as  well  as 
the  air  itself,  may  contain  bacteria,  especially  when  they  are  thrown  ofi" 
in  large  numbers.  This  is  especially  true  oi  the  Bacillus  tuJjerculosis, 
since  in  pulmonary  tuberculosis  the  sputum,  in  intestinal  tuberculosis 
the  faeces,  and  in  urogenital  tuberculosis  the  urine,  contain  a  great  num- 
ber of  these  organisms. 

§  14.  Bacteria  usually  enter  the  system  through  the  mucous  mem- 
brane of  the  intestinal  or  the  respiratory  tract,  or  through  external 
wounds.  From  a  freshly  made  wound  both  pathogenic  and  non-patho- 
genic bacteria  are  taken  up  rapidly  by  the  juices  of  the  body  and  so  find 
their  way  into  the  blood;  whereas  a  healthily  granulating,  uninjured 
wound  surface  possesses  the  power  of  preventing  the  entrance  of  many 
varieties  of  bacteria.  Not  infrequently  they  enter  the  sound  skin,  by 
means  of  the  openings  of  the  hair-follicles  or  of  the  sebaceous  glands. 
Under  special  conditions  (coitus,  operative  measures,  dribbling  of  urine) 
the  infection  may  take  its  start  from  the  mucous  membrane  of  the  genito- 
urinary tract.  Certain  cases  of  infection  may  be  due  to  insects  which 
have  taken  up  bacteria  with  the  diseased  blood  or  secretions  of  men  or 
animals.  These  insects  may  have  become  outwardly  infected  by  the 
micro-organisms,  and  then  may  have  deposited  the  latter  on  some  de- 
nuded or  ulcerated  area  of  the  human  skin  or  mucous  membrane,  by 
means  of  their  oral  apparatus  for  piercing  the  skin  and  sucking  the 
blood,  or  by  scraping  them  off  their  legs  upon  such  exposed  spots.  If 
the  flesh  of  an  animal  containing  bacteria  is  eaten,  and  if  the  animal 
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while  alive  was  suffering  from  an  infections  disease  which  also  occurs 
in  man,  this  particular  disease  may  be  transmitted  to  man,  unless  the 
bacteria  have  been  previously  destroyed. 

The  bacteria  arrive  at  the  point  of  entrance  sometimes  in  company 
with  chemically  active  substances,  as  in  the  intestinal  tract,  and  some- 
times without  these  substances,  as  in  the  respiratory  passages  and 
lungs ;  and  yet  at  times  chemical  x^oisons  may  also  find  their  way  into 
the  lungs  along  with  bacteria,  and  so,  too,  may  bacteria  find  access  to 
the  intestinal  canal  without  the  effective  aid  of  any  other  material. 

The  injurious  chemical  substances  which  accompany  the  bacteria 
may  occur  as  accidenfal  adiiiixtnres  of  the  food,  or  of  the  water  used  either 
for  drinking  i:)urposes  or  for  the  cleansing  of  wounds ;  or  they  may  be 
contained  in  the  resjnred  air;  but  they  are  more  frequently  the  prod= 
ucts  of  the  bacteria  themselves.  All  bacteria,  including  the  non- 
Xmthogenic,  produce  (see  Chapter  IX.),  within  the  tissues  from  which 
they  derive  the  nourishment  necessary  for  their  growth,  certain  changes 
which  are  called  fermentation  and  putrefaction  i:)rocesses,  and  which  are 
very  closely  related  to  their  life-activity  and  their  powers  of  reproduc- 
tion. Among  these  i)roducts  of  chemical  metamorphosis  are  manj^ 
which  are  injurious  to  the  organisms  of  the  higher  animals  and  of  man, 
since  they  are  able  to  j^roduce,  in  a  manner  similar  to  that  described  in 
the  paragraphs  devoted  to  i^oisons  (i^§  10,  11),  local  tissue-degenerations 
and  inflammations,  changes  in  the  blood,  or  symptoms  of  general  poison- 
ing, which  may  result  in  functional  disturbances  of  the  heart  and  nervous 
and  respiratory  systems.  The  most  important  of  these  substances  are 
derived  from  albuminoid  bodies,  and  belong  to  the  cadaveric  alkaloids 
or  ptomains.  These  substances  are  basic  bodies,  many  of  which  are 
poisonous  to  the  human  body,  and  consequently  are  called  toxins. 
Then  we  have  next  the  toxalbumins — that  is,  active  albuminoid  sab- 
stances  which  probably  are  produced  and  cast  off  by  the  bacteria 
themselves  (Büchner).  Neuridin,  cadaverin,  putrescin,  neurin,  and 
methyl  guanidin  are  basic  products  derived  from  putrefying  meat,  the 
last  three  being  very  poisonous  toxins.  The  bacillus  of  typhoid  fever 
produces  a  toxin  (typhotoxin)  which  causes  palsies  and  increases  the 
activity  of  the  intestinal  and  salivary  glands.  The  cholera-bacteria 
produce,  besides  penta-  and  tri-methylendiamin  and  methyl  guanidin, 
still  other  specific  toxins,  which  irritate  the  intestine,  render  the  blood 
incapable  of  coagulating,  and  produce  muscular  cramps.  The  tetanus- 
bacillus  produces  tetanotoxiu,  a  toxalbumin  which  causes  muscular 
spasms.  According  to  Roux,  Yersin,  Brieger,  and  C.  Fränkel,  the 
diphtheria-bacillus,  the  anthrax-bacillus,  the  typhoid-bacillus,  the 
chole^;a-spirilla,  and  the  pus-cocci  produce  toxalbumins. 

If  these  toxic  bacterial  products  are  introduced  into  the  intestines 
or  into  wounds  in  considerable  quantities  with  the  bacteria,  they  may 
produce  symi;)toms  of  poisoning,  without  a  simultaneous  infection — 
i.e.,  without  increase  of  bacteria  within  the  tissues.  The  same  thing 
may  also  happen  when  poison-producing  bacteria  grow  in  the  contents 
of  the  intestine,  in  wound-secretions,  or  in  necrosed  lung-tissues,  and 
thus  multipl}^  as  saprophytes.  In  these  cases  one  cannot  strictly  speak 
of  an  infection,  but  must  rather  consider  the  disease  which  is  making 
its  appearance  as  an  intoxication;  at  least  it  is  in  such  cases  impossible 
to  draw  a  sharp  line  between  pure  intoxications  and  infections,  since 
these  bacteria,  which  originally  increased  in  numbers  as  saprophytes, 
not  infrequently  also  enter  the  tissues  and  multiply  there. 
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Intestinal  intoxications  caused  hy  hacferkd  toxins  and  ioxaVmmins 
occur  when  animal  tissues  or  fluids  decomposed  by  the  action  of  bac- 
teria are  taken  as  food ;  and  to  these  intoxications  belong  the  greater 
I)art  of  the  diseases  termed  meat-,  sausacfe-,  ßsh-,  and  cheese-2Jolso/nn(js. 
In  these  cases  the  particular  i)oison  is  either  introduced  as  such  into 
the  intestinal  canal  with  the  food,  or  else  is  formed  in  the  intestinal 
tract.  Decomposition  and  fermentation  of  the  vegetable  ingredients  of 
diet — for  instance,  fermented  fruit-juices,  cabbage,  beans,  i)ease,  etc. — 
exercise  an  injurious  influence  ui:)on  the  intestine,  or  even  upon  the  en- 
tire organism,  especially  if  large  quantities  are  eaten  or  if  the  offending 
article  is  used  as  food  for  a  considerable  period  of  time.  In  this  class 
belongs  the  chronic  disease  known  as  pedar/ra,  Italian  leprosy,  or  scurvy 
of  the  Alps,  which  is  met  with  in  Italy,  Spain,  southwestern  France,  and 
Eoumania,  and  is  due  to  the  eating  of  spoiled  maize  or  Indian  corn. 
This  disease  is  characterized  by  gastro-intestinal  affections,  alterations 
in  the  skin,  disturbances  in  the  functions  of  the  spinal  cord  and  cere- 
brum, and  general  marasmus  (Lombroso,  Tuczek). 

If  the  bacteria  which  have  reached  one  of  the  known  points  of  en- 
trance are  in  the  strict  sense  pathogenic,  so  tliat  they  give  rise  to  an 
infection,  they  may  multiply  first  in  the  tissues  where  they  enter, 
namely,  in  the  intestinal  mucous  membrane,  in  a  wound,  in  the  skin, 
etc.  The  local  effect  of  this  multij^lication  is  dependent  primarily  upon 
the  character  of  the  bacteria  (see  Chapter  IX.),  and  also  in  a  measure 
upon  the  peculiarities  of  the  tissue.  In  general,  the  local  action  is 
characterized  by  degeneration  of  the  tissues,  by  inflammation,  by  necro- 
sis, and  also  by  regeneration ;  jet  the  condition  varies  very  considerably 
ijU  individual  infections,  so  that  in  many  instances  the  species  of  microbe 
jöausing  the  infection  may  be  determined  from  the  form  of  the  local 
changes.  It  is  difficult  and  sometimes  impossible  to  determine  in  each 
case  the  exact  mode  of  action  of  the  multiplying  bacteria;  yet  one  may 
say  that  the  processes  of  chemical  metamorphosis  called  into  activity 
by  the  multiplication  of  the  Schizomycetes  jiroduce  certain  changes  in 
the  tissue-cells,  the  various  chemical  substances  produced  by  the  proc- 
esses just  referred  to  apparently  possessing  the  x)ower  to  kill  the  cells, 
or  at  least  to  induce  degenerative  changes  in  them,  while  in  some  in- 
stances the  influence  of  these  substances  manifests  itself  in  some  form 
of  increased  cell-activity.  In  a  certain  sense,  therefore,  a  local  poisoning 
may  be  said  to  be  produced  by  the  localized  growth  of  the  bacterial 
colony ;  and  it  is  certain  that  greater  importance  should  be  attached  to 
the  effects  of  this  local  2:)oisoning  than  to  the  mere  icitlidraical  of  nutritive 
■material  effected  by  the  consumption  of  nourishing  substances.  Never- 
theless the  importance  of  such  withdrawal  cannot  be  wholly  denied,  for 
it  must  be  recognized  that  the  tissue-juices  are  often  rendered  unfit  for 
the  nourishment  of  the  tissue-cells  by  the  chemical  changes  effected  hj 
the  bacteria,  and  as  a  result  of  this  the  cells  must  necessarily  suffer  even 
if  no  poisonous  materials  are  produced. 

The  participation  of  the  whole  system  in  a  local  bacterial  infection 
must  be  very  slight,  or  maj^  even  be  entirely  absent,  so  that  the  disease 
appears  as  a  purely  local  one  (tuberculosis) .  In  other  cases  the  locally 
produced  toxins  and  toxalbumins  find  their  waj^  into  the  circulating 
fluids  (i.e.,  into  the  blood)  of  the  body,  and  a  general  intoxication  (toxin- 
cemia)  is  produced — i.e.,  a  poisonous  effect  is  exerted  upon  the  nervous 
system  and  sometimes  upon  the  blood  itself  and  upon  the  heart,  and  the 
poison  thus  taken  into  the  system  may  produce  demonstrable  changes 
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in  the  anatomical  structure  of  the  internal  organs,  especially  the  secret- 
ing glands,  and  sometimes  also  in  the  skin.  In  many  diseases  (tetanus, 
typhoid  fever,  septicaemia,  and  diphtheria)  these  symptoms  of  poison- 
ing are  especially  prominent. 

If  healing  should  not  take  place  in  the  original  seat  of  the  disease,  it 
may  involve  the  neighboring  tissues  through  a  continuously  progress» 
ing  invasion  of  the  bacteria.  Very  frequently  the  bacteria  pass  into  the 
lymph=vessels,  or  into  the  blood=channels  {hactericemla) ,  and  are  in  this 
manner  carried  off  and  spread  over  the  entire  body.  The  result  of  this 
metastasis  of  the  Jjacteria  is  the  production  of  new  colonies  at  a  distance  from 
the  seat  of  the  original  one,  ichich  new  colonies  j^ossess  all  the  characteris- 
tics that  belong  to  the  i)rimarij  colonies.  There  are  diseases  (tuberculosis 
and  sujipuration)  in  which  the  number  of  these  metastatic  colonies  is 
very  great,  so  that  numerous  portions  of  the  body  (glands,  lungs,  brain, 
bones,  etc. )  maj'  become  the  seats  of  diseased  areas.  In  contrast  to  these 
diseases  there  are  infections  in  which  there  is  no  metastasis  of  the  bac- 
teria from  the  original  seat  to  other  organs  (tetanus,  diphtheria). 

During  the  metastasis  of  the  bacteria  there  is  usualh^  no  increase  in 
numbers  in  the  circulating  blood,  the  latter  acting  rather  as  a  vehicle  to 
carry  the  bacteria  to  other  parts  of  the  body ;  and  multiplication  first 
occurs  when  the  bacteria  have  come  to  rest.  Nevertheless  in  certain 
infections — as,  for  example,  anthrax — the  bacteria  increase  enormously  in 
the  circulating  blood,  and  in  this  way  act  harmfully  on  the  blood  itself. 
Should  small  blood-vessels  become  filled  by  the  multiplying  bacteria, 
local  disturbances  in  the  circulation  may  be  added  to  the  poisoning 
effects  just  mentioned. 

If  the  bacteria  should  be  deposited  secondarily  in  the  mucous  mem- 
brane of  the  respiratory  or  genito-urinary  tracts,  they  may  multiply 
within  these  tracts  and  carry  on  their  characteristic  pathological  proc- 
esses. In  the  same  manner  they  may  multiply  in  the  greater  cavities 
of  the  body,  as  the  peritoneal,  pleural,  and  subarachnoid  spaces.  Should 
a  woman  at  the  time  of  infection  be  pregnant,  there  are  many  varieties 
of  bacteria  which  may  be  carried  to  the  foetus  (the  bacteria  of  anthrax, 
malignant  pustule,  symptomatic  anthrax,  glanders,  typhoid  fever,  relaps- 
ing fever,  pneumonia,  and  pus-diseases). 

The  description  given  above  of  the  course  pursued  by  the  different 
infections  can  be  considered  as  aj^plying  correctly  to  the  typical  cases, 
and  there  are  many  infections  which  run  this  course  (typhoid  fever, 
pyaemia,  erysipelas,  diphtheria,  tetanus,  tuberculosis,  syphilis,  lep- 
rosy, glanders,  actinomycosis,  etc.).  On  the  other  hand,  there  are  also 
many  deviations  from  such  a  typical  course.  In  the  first  place,  it  fre- 
quently happens  that  in  infectious  diseases  which,  in  general,  adhere  to 
the  described  type,  the  locality  of  the  inception  of  the  infection  is  not 
discoverable,  either  because  no  changes  have  taken  iilace  at  the  point  of 
enirj,  or  because  these  'changes  have  already  disapf>eared.  Such  forms 
are  called  cryptogenic  infections.  It  also  happens  in  many  typical 
infectious  diseases  that  the  primary  location  of  the  cause  of  the  disease 
is  not  recognizable,  so  that  general  disease  symjotoms  occur  before  any  local 
disease  can  be  recognized,  and  the  tissue-changes  produced  later  on  have 
more  the  appearance  of  a  secondary  localization  of  the  disease  j)oison. 
This  occurs  in  a  number  of  infectious  diseases  the  causes  of  which  are 
not  known,  as,  for  instance,  in  scarlet  fever,  smallpox,  and  measles; 
while  in  some  infections,  the  causes  of  which  are  known  to  us,  it  is  not 
possible  to  specify  the  point  at  which  the  first  multiplication  of  bacteria 
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takes  place.  Thus,  for  example,  in  tlie  case  of  relapsing  fever,  we  only 
know  that  at  the  time  of  the  fever  the  spirilla  are  found  in  great  quan- 
tities in  the  blood ;  the  place  where  they  multiply,  however,  is  not  known. 
Not  infrequently  we  have  a  secondary  infection  accompanying  one 
already  present.  In  msmy  cases  the  association  is  entirely  accidental, 
while  in  other  cases  the  anatomical  changes  set  up  by  the  first  infection 
produce  a  local  predisposition  to  the  new  invasion.  To  the  first  group 
would  belong,  for  instance,  a  croupous  imeumonia  occurring  in  a  patient 
suffering  from  tuberculosis  of  the  lungs,  while  with  the  second  group  we 
would  class  an  infection  with  bacteria  which  produce  pus  and  septic 
intoxication,  as  occurs  in  infected  wouuds,  and  during  the  course  of 
typhoid  fever,  diphtheria,  scarlet  fever,  dysentery,  caseous  ulcerating 
tuberculosis,  etc.  So  far  as  can  be  judged  from  the  pathological  events 
observed  in  recent  epidemics  of  influenza  in  Europe,  this  disease  is  also 
one  which  x^redisposes  in  a  marked  degree  to  secondary  infections.  In 
certain  infections — as,  for  instance,  many  forms  of  suppurative  proc- 
esses— the  tissues  contain,  already'  at  an  early  stage,  two  or  more  varie- 
ties of  Schizomycetes,  a  circumstance  which  sliows  that  in  these  cases 
we  are  dealing  with  a  sort  of  association  of  bacteria — a  double  Infection. 

That  decomposition  produces  substances  which  are  poisonous  is  a  fact  which  ha.s 
heen  known  for'sonie  years.  In  1852  Beck  observed  that  ammonium  hydrosulphate.  if 
injected  into  animals,  possessed  the  septic  properties  found  in  pus  and  sloughs.  In  1863 
R.  Panum  secured  from  putrefied  matter  a  putrid  poison — i.e.,  a  body  which  was  not  de- 
stroyed by  cooking  and  steaming.  The  action  of  this  poison  on  the  body  was  found  to 
be  similar  to  the  action  of  snake-venom  and  some  vegetable  alkaloids,  producing  in  dogn 
salivation,  dilatation  of  the  pupils,  diarrhoea,  fever,  and  severe  prostration.^  Von 
Bergmann  and  Schmiedeberg  found  a  crystalline  substance  in  putrefying  yeast  which 
they  named  sepsin,  and  which  produced  symptoms  of  putrid  infection  in  animals.  By 
the  use  of  glycerin.  Senator,  Hiller,  and  ^likulicz  extracted,  from  decaying  tissue- 
masses,  a  substance  which  exerted  a  similar  septic  action.  Billroth  called  these  poison- 
ous substances  putrefaction  zyinoids.  Selmi  endeavored  to  characterize  all  these  sub- 
stances more  minutely,  and  he  succeeded  in  obtaining  from  different  cadavers  a  number 
of  extracts  soluble  in  ether  or  in  water,  which  he  recognized  as  fixed  bases  of  alkaloidal 
character,  and  which  he  designated  as  cadaveric  alkaloids  or  ptomaYns.  Gautier, 
Etard,  Zuelzer,  Sonnenschein,  Bechamp,  Schmiedeberg,  llarnack,  von  Nencki,  Otto, 
Angerer,  and  others  also  found  in  decomposing  tissues  the  same  or  similar  cadaveric 
alkaloids,  and  their  experiments  with  these  upon  animals  showed  that  in  some  cases 
these  substances  produced  no  effect  w'hatever,  while  in  other  cases  they  produced  poison- 
ous symptoms  similar  to  those  produced  by  curare,  morphine,  and  atropine.  Von  Nencki 
(1876)  discovered  a  cadaveric  alkaloid  (collidin)  which,  asasalt  of  platinum,  crystallized 
in  flat  needles.  He  also  produced  it  in  a  pure  state,  and  made  out  its  chemical  formula. 
According  to  von  Nencki,  Etard,  Gautier,  and  Baumann,  and  especially  Briegel^  have 
studied  these  ptomains,  and  the  latter  has  produced  a  large  number  of  them  in  a  pure 
state,  and  has  ascertained  their  physiological  action.  Brieger,  for  instance,  has  ex- 
tracted from  fibrinopeptone  a  poisonous  substance  (peptotoxin)  which  produces  in  ani- 
mals paralytic  symptoms  and  ultimately  death.  From  decomposing  horse-flesh  he  ex- 
tracted three  substances,  crystallizing  in  the  form  of  needles  —  namely,  neuridin. 
neurin,  and  cholin,  the  second  of  which  is  markedly  poisonous,  and,  like  muscarine, 
produces  salivation,  alterations  in  the  respiratory  and  circulatory  functions,  contraction 
of  the  pupils,  and  clonic  spasms.  From  fish  he  obtained,  besides  neiuidin,  three  other 
poisonous  substances — namely,  ethylendiamin,  a  substance  similar  to  muscarine,  and 
a  substance  called  gadinin.  From  decaying  cheese  and  glue  he  obtained  the  poison  neu- 
rin, and  from  decomposed  yeast,  dimethj^lamin. 

The  majority  of  ptomains  are  not  present  in  fresh  tissues,  and  it  is  probable  from 
this  that  they  are  derived  from  the  breaking  up  of  chemical  combinations  which  are 
contained  in  the  tissues.  Thus,  from  lecithin,  cholin  is  probably  derived,  and  from 
this  is  then  produced  the  poison  neurin. 

Cholin  and  neuridin,  according  to  Brieger,  are  already  recognizable  in  the  fresh 
human  brain. 

'See  Panum,  "Das  putride  Gift,  die  Bakterien,  die  putride  Infection  und  die 
Septikämie,"  Virch.  Arch.,  vol.  Ix.,  1874. 


INFECTION   BY   MUCORINE^   AND   SACCHAROMYCETES.  3T 

When  the  poisonous  character  of  a  part  of  the  ptomains  was  learned  from  these  in- 
vestigations, there  was  a  tendency  to  assume  that  the  toxic  symptoms  observed  in  infec- 
tious diseases  are  due  entirely,  or  in  a  great  measure,  to  the  substances  called  toxins. 
By  investigations  conducted  during  the  last  few  years  by  Roux,  Yersin,  Büchner, 
Brieger,  and  C.  Fränkel,  it  has  been  established  that  the  toxalbumins  play  a  more  im- 
portant part  than  the  toxins,  and  can  therefore  be  called  the  peculiar  specific  poisons  of 
bacteria.  Of  the  active  albuminoid  substances  one  formerly  knew  only  the  enzymes — 
pepsin,  trypsin,  ptyalin,  diastase — which  produce  a  hydrolytic  decomposition  into  vari- 
ous elements.  The  actively  poisonous,  albuminoid  bodies,  the  toxalbumins,  have  be- 
come known  only  through  the  study  of  infectious  diseases  in  late  years.  Brieger  and 
Fränkel  are  of  the  opinion  that  the  toxalbumins  which  produce  the  poisonous  symptoms 
are  formed,  by  the  action  of  bacteria,  from  the  albuminoids  of  the  juices  of  the  body. 
Büchner,  on  the  contrary,  holds  the  opinion  that  they  are  produced  from  the  cell-con- 
tents of  the  bacteria  themselves,  and  brings  forward,  in  support  of  this  view,  two  facts 
— namely,  that  the  diphtheria- bacillus  is  capable  of  producing  its  toxalbumin  in  urine 
free  from  albumin  (Guinochet),  and  that  the  tetanus-bacillus  produces  its  toxalbumin  in 
a  solution  of  asparagin  and  animal  salts.  The  toxalbumins  and  the  enzymes  lose  their 
virulence  in  solutions  at  a  temperature  of  from  55°  to  70°  C.  In  the  dry  state  they  can 
withstand  much  higher  temperatures. 

It  is  noteworthy  that,  after  being  injected  into  the  tissue  of  an  animal,  the  toxal- 
bumins do  not  act  immediately,  but  after  some  hours,  or  even  after  some  days.  They 
differ,  therefore,  in  this  respect  from  ordinary  poisons. 

Should  the  composition  of  the  blood  be  altered  and  the  blood  and  body- juices  be  in- 
fected by  the  continuous  introduction  of  harmful  substances  from  bacterial  colonies,  a 
condition  may  be  produced  to  which  the  term  dyscrasia  from  bacteria  may  with  pro- 
priety be  applied.  In  this  connection  it  should  be  mentioned  that  this  name,  which 
formerly  indicated  an  alteration  in  the  constitution  of  the  blood  and  fluids  of  the  body, 
which  was  formerly  much  used,  and  which  played  a  great  role  in  pathology,  is  employed 
very  little  at  the  present  time.  i 

§  15.  The  disease=producing  Mucorineae  and  Saccharomycetes  be- 
long, as  do  the  Schizomycetes,  to  the  non-chlorophyllaceous  thallo- 
jjhytes,  aüd  enter  into  the  human  organism  in  the  form  of  inarticulated 
and  articulated,  and  sometimes  ramified  filaments  or  Jiyphce,  and  short  oval 
cells,  the  so-called  conidia.  These  organisms  sometimes  form  peculiarly 
shaped  seed-organs.  The  individual  cells  are  much  larger  than  those 
of  the  Schizomycetes,  so  that  they  may  already  be  recognized  by  the  aid 
of  a  slight  magnifying  jjower.  Outside  the  body  the  3Iucorinec6  de- 
velop as  moulds  of  various  colors  on  the  surface  of  all  sorts  of  organic 
substances  and  solutions,  the  carbon  comi^ounds  of  which  serve  for  their 
nourishment.  The  Saccharomycetes  or  yeast-fungi  are  found  in  fluids 
containing  sugar,  and  are  the  cause  of  their  alcoholic  fermentation. 

The  spores  or  conidia  of  the  Mucorineae  are  to  a  great  extent  devel- 
oped in  special  seed-organs,  but  they  are  also  occasionally  cast  off  from 
the  ends  of  the  stalks  or  filaments  by  a  simple  process  of  constriction, 
these  latter  constituting  a  specially  resistant  type  of  propagation-cells. 
Both  varieties  find  their  way  into  the  air  and  may  be  widely  scattered 
by  its^  currents.  In  a  similar  manner  the  yeast-cells  can  be  carried 
about  in  the  air,  in  case  any  fermentative  fluid  dries  up  and  the  remain- 
ing solid  product  becomes  reduced  to  dust. 

As  disease  producers,  the  Mucorineae  and  Saccharomycetes  are  much 
less  important  than  the  Schizomycetes,  since  only  a  few  forms  can  be 
reproduced  within  the  human  body,  and  since  those  which  do  so  multi- 
ply always  develop  only  in  a  very  limited  area,  so  that  the  disease  pro- 
duced remains  a  purely  local  one.  Finally,  they  do  not  produce  poisons 
which  are  capable  of  acting  upon  the  entire  organism,  or  upon  the  ner- 
vous system,  or  upon  the  blood,  but,  at  most,  substances  which  act  only 
upon  the  tissues  in  the  near  neighborhood  of  the  filaments.  They  can, 
therefore,  produce  only  local  infectious  diseases. 

The  points  of  entrance  for  these  organisms  are  in  general  the  same 
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as  those  for  the  bacteria.  The  development  of  fungi  almost  always 
occurs  at  points  which  are  accessible  from  without.  Yery  frequently 
they  develop  only  in  the  dead  material  which  lies  upon  some  i»articular 
part  of  the  skin  or  mucous  membrane,  or  upon  the  surface  of  a  wound. 
Thus  the  external  ear,  from  uncleanliness,  from  the  presence  of  ceni- 
men,  or  from  oil  dropped  into  the  canal,  may  become  the  seat  of  their 
growth.  They  may  develop  in  necrosed  portions  of  lung-tissue,  or  in 
dead  epithelium  and  food-debris  in  the  mouth.  Through  the  introduc- 
tion into  the  stomach  of  licjuids  undergoing  fermentation,  a  further  mul- 
tiplication of  the  mould  may  there  occur;  and,  besides,  the  stomach 
usually  contains  a  small  number  of  saccharomycetes.  The  action  of 
these  saprophytic  growths  of  moulds  and  yeast-fungi  is  in  general  insig- 
nificant, the  latter  practically  ////.  The  changes  jn-oduced  by  the  yeast- 
fungi  at  the  spot  where  they  multiply  tend  to  excite  inllammation.  The 
local  action  is  increased  by  the  penetration  of  the  filaments  into  the  liv- 
ing epithelium,  at  which  points  they  play  the  i^art  thenceforth  of  a 
parasitic  growth.  Under  certain  conditions  the  fungi  may  penetrate 
into  the  connective  tissues,  but  even  then  their  extension  is  limited. 
Only  in  rare  instances  and  under  i)eculiar  circumstances  has  the  spread 
of  the  conidia  by  means  of  the  lymph  and  Wood  been  noted,  ^lien 
this  happens,  however,  and  conidia  are  deposited  in  other  organs,  they 
may  there  develop  into  filaments,  and  cause  local  degenerations  and 
inflammations.  But  from  these  secondary  centres  no  further  extension 
takes  place. 

Their  role  as  parasites  is  most  strongly  accentuated  in  the  case  of  a 
few  forms  of  filamentous  fungi  (favus,  herpes  tonsurans,  pityriasis  ver- 
sicolor) which  are  encountered  in  the  skin,  for  in  this  locality  they  de- 
velop in  the  epidermis  and  its  adnexa,  in  the  hair  and  nails,  and  cause 
there  peculiar  epithelial  degenerations  and  inflammations  of  the  papillae 
and  corium. 

§  16.  The  production  of  diseases  by  animal  parasites  can  most  fre- 
quently be  traced  to  the  fact  that  the  mature  parasites,  or  their  larvae 
or  eggs,  are  introduced  into  the  intestinal  canal  by  means  of  the  food  or 
drink  or  by  unclean  fingers ;  and  this  is  particularly  true  of  those  para- 
sites whose  habitat  is  the  intestine  or  other  structures  located  in  the 
interior  of  the  body — a  circumstance  which  has  caused  them  to  be 
named  Entozoa.  Parasites  that  live  in  the  outer  tissues  of  the  body — 
namely,  the  skin — and  are  consequently  called  Epizoa,  either  remain 
only  on  the  outer  surface  of  the  skin,  or  penetrate  from  without  into  it. 
If  the  parasites  pass  from  the  intestine  into  the  surrounding  tissues,  this 
procedure,  according  to  Heller,  is  called  an  invasion-disease.  Animal 
parasites  produce  only  local  changes ;  yet  they  may  also  induce  symp- 
toms of  a  general  disease,  especially  when  they  are  present  in  great 
numbers  in  the  body,  and  pervade  thickly  either  the  blood  or  certain 
tissues. 

Some  of  the  parasitic  Protozoa  are  harmless,  inasmuch  as  they 
develop  in  the  secretions  of  the  mucous  membranes  without  producing 
morbid  conditions.  Other  forms,  on  the  contrary,  penetrate  the  living 
tissues  and  multiply  within  the  cells,  so  that  localized  pathological  con- 
ditions, characterized  by  the  new  formation  of  peculiar  tissues,  are  pro- 
duced (see,  in  Chapter  IX.,  Coccidia-disease  of  the  Eabbifs  Liver  and 
Epithelioma  Contagiosum).  Certain  forms,  which  probably  are  to  be 
classed  among  the  Sporozoa,  multiply  as  inhabitants  and  destroyers  of 
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the  red  blood-corpuscles,  and  are  tlie  cause  of  the  infectious  disease 
which  is  called  malaria.  The  malarial  parasites  develop  externallj-  to 
the  human  body,  in  the  earth  of  certain  localities,  and  are  probably 
taken  into  the  human  body  through  the  respired  air  or  with  the  drink- 
ing-water. It  is  not  impossible  that  other  iüfectious  diseases — for 
instance,  smallpox — are  caused  by  parasites  that  belong  among  the 
Protozoa. 

Parasitic  worms  {nematodes,  cestodes,  irematodes)  dwell  in  the  human 
body,  sometimes  fully  developed  and  capable  of  reproduction,  at  other 
times  as  larvse;  in  the  first  case  they  are  mostly  intestinal  parasites 
which  live  on  the  contents  of  the  intestine,  rarely  sucking  the  blood 
from  the  intestinal  mucous  membrane.  There  are,  besides,  worms 
which  develop  in  other  regions — o.g.,  in  the  blood-vessels,  in  the  lym- 
phatics, in  the  lungs,  in  the  pelvis  of  the  kidneys,  and  in  the  skin.  If 
they  produce  either  eggs  or  developed  larvae,  these  either  pass  slwslj 
with  the  dejecta  or  reach,  through  active  wanderings  or  by  being  carried 
in  the  current  of  the  blood  and  lymph,  other  organs  of  the  body,  and 
thus  complete  their  first  stage  of  development.  In  this  new  locality, 
however,  thej  do  not  again  reach  the  reproductive  stage,  but  remain  in 
the  larval  condition.  Further  development  takes  place  only  when  these 
larvae  reach  a  new  host. 

The  worms  which  attain  the  reproductive  stage  in  man  enter  as  larvae 
with  the  food  and  drink,  having  made  their  first  development  in  animals 
the  flesh  of  which  serves  us  as  food ;  in  some  cases,  however,  they  are 
derived  from  certain  of  the  lower  animals  that  do  not  serve  as  food. 
Others,  again,  develop  in  water  or  moist  earth,  or  even  in  the  intestinal 
tract  of  man,  so  that  the  eggs  or  the  embryos,  which  pass  ofi:'  with  the 
dejections,  at  once  commence  to  develop  again,  provided  they  find  an 
entrance  into  the  human  intestinal  tract. 

The  worms  which  exist  in  man  only  in  the  larval  form  (as  the  Cysti- 
cercus) develop  from  eggs  which  have  come  from  sexually  mature  w^orms 
which  inhabit  different  animals.  They  are  taken  into  the  intestinal 
tract  mostly  through  the  media  of  food  and  drink;  still  they  may  be 
also,  under  certain  conditions,  inhaled  in  air  containing  dust  which  has 
in  it  eggs  capable  of  development,  whence  the  eggs  get  into  the  intesti- 
nal tract  and  complete  the  first  stages  of  development. 

The  intestinal  parasites  jjroduce  generally  very  little  disturbance, 
though  they  may  irritate  the  intestine  mechanically.  Those  that  suck 
blood  {Anchylostoma  duodenale)  can,  if  thej^  are  present  in  great  num- 
ber, produce  anaemia.  The  parasites  which  take  up  their  abode  in  the 
tissues  produce,  in  their  immediate  neighborhood,  slight  inflammation 
and  jproliferation  of  the  tissues ;  but  these  changes  can  produce  severe 
symptoms  only  when  the  parasites  (larvae  of  trichinae)  are  present  in  the 
tissues  in  great  numbers.  Some  act  detrimentally  to  the  parts  through 
the  fact  that  they  reach  a  large  size  (echinococcus  cysts)  and  thereby 
crowd  aside  and  compress  the  neighboring  organs. 

In  general  their  pathogenic  significance  depends  essentially  on  their 
location.  A  parasite  situated  in  the  muscles  or  the  subcutaneous  tis- 
sues causes  slight  symptoms,  while  one  located  in  the  eye,  the  medulla 
oblongata,  the  heart,  or  any  vessel,  may  cause  severe  complications, 
and,  under  certain  conditions,  death. 

Of  the  parasitic  Arthropoda  {Arachnida  and  Insects)  some  come  from 
the  outer  world,  some  from  infected  animals,  and  some  from  infected  men. 
Most  of  them  belong  to  the  Epizoa,  which  have  their  habitat  in  or  on 
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the  skin  and  accessible  mucous  membranes  (lice,  bedbugs,  flies,  itch- 
mites),  or  only  occasionally  take  their  nourishment  from  the  skin 
(gnats,  horse-flies,  fleas).  A  few  multiply  either  in  the  skin  (itch- 
mites)  or  on  its  surface  (lice).  In  the  internal  organs  is  found  only  the 
larva  of  an  arachnoid  (Fentastoma  denticulaium) .  In  so  far  as  the  Arach- 
nida  penetrate  the  skin,  epidermis,  hair-follicles,  and  sweat-glands,  they 
cause  symptoms  of  irritation  and  inflammation ;  the  bite  of  insects  that 
draw  blood  is  also  followed  by  an  inflammation  in  the  affected  region. 


II.  rietastasis  and  Embolism,  and  their  Importance  in  the  Etiology 
of  Lymphogenous  and  Haematogenous  Diseases. 

§  17.  Injuries  acting  u^^on  the  body  from  without  cause,  except  in 
certain  cases  (overheating  of  the  body,  lack  of  food  and  oxygen,  poison- 
ing by  nerve-poisons,  etc.),  local  tissue-changes.  Should  the  local  dis- 
ease be  caused  by  missiles,  dust,  poison,  or  parasites,  these  may  at  the 
same  time  introduce  foreign  substances  into  the  altered  tissues.  The 
consequence  of  this  is  that  the  primary  focus  of  disease  very  fre= 
quently  contains  portions  of  the  body  which  have  been  set  free 
through  tissue=changes,  and  also  corpuscular  substances  which  have 
been  introduced  from  without,  both  of  which  are  capable,  on  account 
of  their  chemico-physical  characteristics,  of  being  taken  up  by  the  lymph- 
currents  of  the  body,  or  by  the  blood,  and  carried  to  other  localities, 
where  they  again  become  lodged.  If  the  substances  are  insoluble  they 
will  be  carried  along  in  that  form ;  if  the^^  are  soluble  they  will  be  taken 
up  in  a  state  of  solution,  and  then  either  be  destroyed  or  be  excreted  by 
the  excretory  organs,  in  their  original  or  in  a  changed  form;  or,  finally, 
they  msij  be  deposited,  once  more  in  solid  form,  in  some  other  organ  or 
tissue  of  the  body. 

When  a  substance  which  has  penetrated  into  the  tissues,  or  one  which 
has  become  free  in  the  body,  is  taken  up  by  the  lymph-  or  blood-stream 
and  carried  to  other  parts  of  the  body,  and  there  deposited  among  the 
tissues,  the  process  is  called  metastasis.  If  the  metastasis  occasions 
a  pathological  change  in  the  tissue  involved,  we  speak  of  a  metastatic 
disease.  Inasmuch  as  the  latter  must  originate  either  in  the  lymph  or 
in  the  blood,  it  is  correct  to  speak  of  it  as  either  a  lymphogenous  or  a 
hematogenous  disease. 

As  has  been  seen  in  the  preceding  chapter,  metastases  play  an  ex- 
ceedingly important  role  in  the  pathological  processes  that  occur  during 
life,  and  yet  they  are  not  all  of  equal  significance.  The  importance  of 
the  metastasis  is  dependent  rather  upon  the  nature  of  the  transported 
material. 

In  the  first  place,  the  size  of  the  metastatic  body  influences  greatly 
the  course  and  action  of  the  metastasis,  as  very  small  bodies  can  pass 
through  all  the  blood-vessels — even  the  capillaries — while  larger  bodies 
can  be  transported  only  through  vessels  the  diameter  of  which  when 
filled  exceeds  their  own  diameter.  Should  one  of  these  bodies  in  any 
way  enter  either  the  pulmonic  or  the  general  circulation  and  be  carried 
along  with  the  blood-current,  its  further  progress  will  be  stojjped  when 
it  reaches  one  of  the  subdivisions  of  a  vessel  which  has  c  calibre  too 
small  to  permit  the  body  to  pass,  and  then  the  latter  will  plug  the  ves- 
sel more  or  less  perfectly.  When  a  somewhat  large  particle  is  forcibly 
thrown  in  this  manner  into  a  vessel  it  is  customary  to  speak  of  the 
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occurrence  as  an  embolism,  and  the  body  that  remains  fixed  in  the  ves- 
sel is  called  an  embolus  or  a  thrombus  (Fig.  2,  b).  The  effect  of  an 
embolism  is  generally  to  stop  the  vessel  more  or  less  completely  and  to 
interfere  with  the  circulation;  yet  there  are  cases  in  which  the  resultant 
alterations  in  the  circulation  are  very  varied,  owing  to  the  fact  that  at 
one  time  either  a  complete  or  a  partial  compensatory  circulation  may 
be  established  behind  the  embolus,  while  at  another  time  such  a  com- 
pensation ma}'  be  entirely  wanting  (see  Chapter  III.).  If  the  compen- 
sation is  insufficient,  or  if  it  is  entireh^  wanting,  the  tissues  supplied 
by  the  ramifications  of  the  plugged  blood-vessel  will  either  undergo 
degeneration  or  will  die. 

The  nature  of  the  transported  body  has  the  greatest  influence  upon 
the  subsequent  events  of  the  metastasis.  If  it  is  a  small,  bland,  insolu- 
ble bod}',  its  action  on  the  tissues  will  be  very  slight;  if  it  is  soluble  and 
chemically  active,  it  may  produce  very  marked  tissue-changes.  If  it  is 
made  up  of  bacteria  capable  of  multiplication,  they  can,  by  increasing, 
produce  a  pathological  change  similar  to  that  which  occurred  in  the 
original  seat  of  infection.  If  they 
are  tissue-cells  capable  of  growth 
and  increase,  they  may  induce  a 
pathological  groAvth. 

Metastasis  may  occur  in  the 
lymph-channels  as  well  as  in  the 
blood-vessels,  and  this  us;-:ally  takes 
place  in  the  direction  of  the  normal 
current;  but  in  exceptional  instan- 
ces it  may  take  place  in  the  direc- 
tion opi^osite  to  the  current — that 
is,  a  retrograde  metastasis  maj 
occur.  In  the  lymphatic  channels 
such  a  change  in  the  direction  of 
the  current  occurs  when  the  normal 
escape  of  lymph  from  the  territory  involved  is  hindered  by  the  stop- 
page of  the  lymphatics,  and  the  lymph  is  thus  compelled  to  seek  other 
outlets.  A  similar  condition  may  be  produced  in  limited  areas  supplied 
by  blood-vessels  situated  at  the  periphery  of  the  body.  Then,  again, 
plugs  may  l)e  forced  back  from  the  right  side  of  the  heart  and  from  the 
vena  cava,  by  blood-waves  running  in  the  reverse  direction,  into  the 
peripheral  venous  branches.  According  to  the  experiments  of  Arnold 
upon  dogs,  foreign  bodies  (small  particles  of  wheat)  which  were  intro- 
duced into  the  jugular  veins,  crural  veins,  and  longitudinal  sinus  of  the 
dura  mater,  and  which  were  too  large  to  pass  through  the  capillaries, 
were  carried,  by  a  current  running  in  the  reverse  direction,  not  only  into 
the  trunks,  but  also  into  the  smallest  branches  of  the  veins  in  the  liver, 
kidneys,  heart,  extremities,  dura  and  pia  mater,  and  orbits,  as  well  as 
into  the  posterior  bronchial  veins. 

If  there  chances  to  be  an  opening  in  one  of  the  septa  of  the  heart,  it 
is  possible  that  particles  circulating  in  the  blood  may  pass  directly  from 
one  side  of  the  heart  to  the  other,  and  so  give  rise  to  the  condition 
termed  a  crossed  or  paradoxical  embolism. 

The  transported  parti cies  start  in  the  first  place  from  the  primary 
foci  of  disease,  but  it  must  not  be  forgotten  that  such  a  transported  sub- 
stance may  a  second  time  undergo  transportation ;  and,  further,  that  in 
a  metastatic  centre  of  disease  there  may  be  produced  a  fresh  crop  of 


Fig.  2.— Multiple  emboli  in  the  branches  of  the 
pulmonary  artery,  after  thrombosis  of  the  right 
auricle.  A,  Arterial  branch;  b,  embolus;  c,  embo- 
lus, associated  ^v'ith  a  condition  of  thrombosis. 


42  THE    SPREADING   OF   DISEASE   THROUGHOUT   THE    BODY. 

transportable  particles,  which  afterward  can  be  swept  along  by  the 
blood-  or  lymph-current  to  other  portions  of  the  body.  There  can  con- 
sequently be  produced  from  one  metastatic  focus  of  inflammation  other 
new  metastases.  Finally,  it  also  happens  that  diseases  plainly  depend- 
ent upon  some  contamination  of  the  lymph  or  blood — and  which,  there- 
fore, may  rightly  be  termed  lymphogenous  and  haematogenous  dis= 
eases — are  developed  without  our  being  able  to  find  the  primary  centre 
from  which  the  disease  started.  As  such  centres  often  contain  bacteria 
which  can  originate  only  in  the  outer  world,  one  must  suj^i^ose  that 
these  organisms,  which  ordinarily  produce  inflammation  at  the  jjoint 
of  entrance,  msLj  under  certain  conditions  enter  the  tissues,  and  eventu- 
ally reach  the  blood-  and  lymph-channels,  without  causing  such  changes 
at  the  point  of  entrance,  and  that  afterward  their  presence  in  these  fluids 
may  be  discovered — a  chain  of  circumstances  which  gives  color  to  the 
belief  that  a  cryptogenic  infection  jnay  take  place,  and  that  the  metas- 
tatic disease  may  assume  the  apjoearance  of  a  jrrimary  affection.  This  can 
happen  »not  only  when  pathological  changes  are  entirely  absent  at  the 
point  where  the  bacteria  entered,  but  also  when  they  may  at  one  time 
have  been  present,  but  afterward  entirely  disappeared  before  the  time 
of  the  examination. 

§  18.  The  bodies  which  may  be  subjected  to  transportation  in  the 
process  of  metastasis  can  advantageously  be  divided  into  six  groups, 
in  which  arrangement  both  the  source  and  the  nature  of  the  transported 
bodies,  as  well  as  the  effects  of  the  metastases,  will  be  found  to  have 
received  due  consideration. 

The  first  group  is  made  up  of  insoluble,  lifeless  substances  composed 
of  very  small  particles,  which  enter  the  body  from  without  and  which 
may  be  called  dust=particles.  The  majority  of  them  enter  the  body 
by  way  of  the  respiratory  tract,  and  pass  from  the  lungs  into  its  tissues. 
A  few  may  enter  the  tissues  by  unintentional  or  intentional  wounds 
(tattooing).  Most  frequently  they  are  particles  of  soot,  coal,  and  stone, 
while  less  frequently  they  are  metal,  porcelain,  tobacco,  hair,  and  divers 
other  dusts.  In  tattooing  of  the  skin,  soot,  cinnabar,  and  other  granu- 
lar coloring-matters  play  a  part. 

How  the  tissues  of  the  organism  behave  toward  these  bodies  will  be 
described  in  other  i^laces  (see  Chapter  YL,  Part  III.,  and  Chapter 
IV.,  Part  IX.).  It  is  only  necessary  to  mention  here  that  these 
dusts,  sometimes  in  a  free  state,  sometimes  within  the  cells  of  the  tis- 
sues, are  deposited  in  the  tissues  at  the  point  of  entrance,  or  after  a 
time  in  the  lymphatics  and  lymph-glands.  In  the  latter  organs  they 
may  remain  for  a  lifetime ;  but  when  there  is  a  great  deposit  the  possi- 
bility arises  of  their  being  transported  to  remoter  spots,  thia  occurrence 
being  likely  to  take  place  when  the  lymph-glands  undergo  softening  by 
reason  of  the  great  quantity  of  particles  deposited  in  their  substance, 
and  excite  inflammation  and  proliferation  of  the  tissues  in  their  neigh- 
borhood. As  a  result  of  this  inflammation  the  affected  lymph-glands 
are  likely  to  break  down  and  establish  a  communication  with  a  neigh- 
boring vein,  and  this  is  especially  apt  to  occur  at  the  hilus  of  the  lung, 
where  eventually  the  contents  of  the  gland  find  their  way — sometimes 
immediately,  sometimes  more  slowly — into  the  calibre  of  the  blood-ves- 
sel, and  ultimately  into  remoter  parts  of  the  vascular  system.  Accord- 
ing to  Arnold,  dust  in  the  lung  can  lodge  directly  in  the  wall  of  the  blood- 
vessel, and  thence  penetrate  even  as  far  as  into  the  intima.     Then  again, 
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particles  from  a  broken-down  lympli-gland  can  enter  into  the  lymph- 
stream,  and,  if  not  again  arrested  in  some  lymphatic  gland,  may  reach 
the  blood-stream.  It  is  also  conceivable  that  softened  lymph-glands 
may  break  directly  into  the  thoracic  duct. 

As  numerous  experiments  have  shown,  the  dust  which  may  gain  an 
entrance  into  the  blood-vessels  remains  in  the  circulating  blood  for  an 
extremely  short  time.  Thus,  for  example,  if  even  a  relatively  large 
amount  should  be  artificially  introduced  into  a  vein,  at  the  end  of  a  few 
hours  it  will  be  found  to  have  disappeared  entirely  from  the  circulating 
blood.  The  greater  jjart  is  collected  in  the  capillaries  of  the  liver,  of 
the  spleen,  and  of  the  bone-marrow,  and  is  there  found  partly  within  the 
leucocytes  and  partly  free,  in  the  latter  case  adhering  to  the  inner  sur- 
face of  the  endothelial  cells.  After  a  short  time  there  commences  an 
emigration  of  leucocytes  containing  the  particles  of  dust  out  of  the  blood- 
channels,  so  that  the  dust  collects  more  and  more  in  the  tissues,  where 
it  is  held  partly  within  wandering  cells,  partly  in  fixed  cells,  and  in  part 
free  for  a  long  while — under  certain  conditions,  even  for  a  lifetime.  In 
the  mean  time  a  part  is  carried,  within  the  lymphatics,  to  more  distant 
points  and  there  deposited — namely,  in  the  portal  and  coeliac  lymph- 
glands.  Still  other  dust-cells  can,  according  to  the  researches  of  Kun- 
kel and  Siebel,  reach — through  the  capillaries  of  the  lungs  and  the  par- 
enchyma of  the  tonsils,  and  doubtless  other  lymphoidal  apparatus,  as  in 
the  intestine — the  surface  of  one  of  these  three  cavities,  and  thence  be 
discharged  externally.  From  the  liver  they  may  be  discharged  by 
means  of  the  bile.  According  to  observations  which  one  can  often  make 
on  inflamed  organs,  the  wandering  leucocytes  are  able  to  transport  to 
the  surface  in  large  numbers  the  foreign  particles  which  lie  among  the 
tissues  of  the  lungs,  the  intestinal  tract,  and  other  organs,  and  in  this 
manner  clean  the  tissues. 

The  second  group  of  portions  of  the  substance  of  the  body  which  are 
occasionally  transported  from  one  spot  to  another  by  means  of  the  blood- 
stream is  composed  of  the  remains  of  tissues  and  of  cells  of  the  paren- 
chyma of  organs,  in  addition  to  dead,  coagulated,  and  broken=up  blood= 
constituents.  Among  tissue-necroses,  the  elements  which  most  fre- 
quently find  their  way  into  the  circulation  are  fat=drops  (Fig.  8,  h,  and 
Fig.  4,  h) ;  and  this  occurs  especially  when,  through  trauma  or  some  other 
pathological  process — as,  for  instance,  hemorrhages — one  of  the  tissues 
is  destroyed.  The  finding  of  fat-drops  occurs  most  frequently  after  the 
crushing,  destruction,  and  violent  agitation  of  fat-tissues,  such  as  are 
found  in  the  diif erent  panniculi  adiposi  and  in  the  marrow  of  bones ; 
but  fat  may  also  find  its  way  into  the  circulating  blood  after  destruction 
of  the  tissue  of  the  liver.  Of  the  parenchymatous  cells,  those  which 
most'frequently  find  their  way  into  the  blood  come  from  the  liver  (Tur- 
ner, Jürgens,  Klebs,  Zenker,  von  Recklinghausen,  Schmorl,  Lubarsch) ; 
less  frequently  are  placental  cells  (Schmorl,  Lubarsch,  Leusden)  and 
the  giant  cells  of  bone-marrow  (Lubarsch)  encountered.  All  of  these 
are  generally  transported  to  the  arteries  and  the  capillaries  of  the  lung ; 
but  they  may  also,  through  a  retrograde  action  of  the  current,  be  thrown 
back  into  the  veins ;  or,  through  paradoxical  embolism,  they  may  find 
an  entrance  into  the  arteries  and  capillaries  of  the  systemic  circulation. 
Traumatic  and  toxic  injuries  and  hemorrhages  in  the  affected  tissues 
give  rise  to  emboli  composed  of  liver-cells  and  the  giant  cells  of  bone- 
marrow.  Placental-cell  emboli,  in  the  form  of  multinuclear  giant  cells, 
are  observed  in  puerperal  eclampsia,  but  it  is  maintained  by  Leusden 
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that  tliGT  are  also  encountered  in  the  course  of  a  normal  jiregnancy.  In 
pathological  conditions  of  the  intima  of  the  heart  or  the  blood-vessels, 
degenerated  endotlieUcd  cells,  hrol-en-doicn  and  degenerated  masses  of  the 
connective  tissue  of  the  intima,  portions  of  tlte  vrdres  and  similar  material 
may  enter  the  blood-stream.  Fragments  and  disintegrated  portions  of 
hlood-corpuscles  may  emanate  from  hemorrhagic  foci  or  even  from  the 
blood-vessels  themselves  (as  in  the  case  in  which  the  ])lood  circulating 
in  them  has  begun  to  degenerate  through  the  influence  of  some  harmful 
agency),  and  in  this  condition  the}^  may  form  a  part  of  the  circulating 
blood.  On  the  other  hand,  coagulated  masses  of  blood  enter  the  circula- 
tion when  a  thrombus — i.e.,  blood  coagulated  in  the  vessels  (see  Chapter 
III.) — breaks  loose  from  its  attachments,  either  in  toto  or  in  fragments. 
The  fate  of  the  last-named  substances  is  dependent  upon  their  size 
and  physical  characteristics.     All  fragments  that  are  of  greater  calibre 


Fig.  3.— Fat-embolism  of  the  lungs.    (Flemming's  mixturo ;  safranln.)    o.  Arteries  plugged  by  blackened 
fat ;  /),  fat-drops  in  capillaries ;  c,  veins ;  d,  cells  in  tbe  alveoli.    Magnified  100  diameters. 

than  the  capillaries  remain  impacted  in  the  bifurcations  of  the  artery 
(Fig.  2,  h),  and  generally  effect  occlusion  of  the  vessel.  This  usually 
results  from  thrombi  dislodged  from  other  localities,  or  from  fragments 
of  them.  The  fat-droplets,  on  the  other  hand,  generally  pass  into  the 
capillaries,  and  some  remain  there,  while  others  pass  through  their 
lumina  and  become  arrested  only  in  some  other  locality.  It  is  because 
the  fat-droplets  occasionally  pass  into  the  veins  and  then  into  the  heart 
that  we  find  them  collected  especialh^  in  the  capillaries  of  the  lungs 
(Fig.  3,  h) .  They  may  go,  however,  still  further ;  passing  through  the 
lung,  they  may  reach  the  cai:)illaries  of  the  major  circulatioD,  and  thence 
enter  the  intertubular  and  glomerular  capillaries  of  the  kidney  (Fig.  4, 
h),  and  occasionalh^  they  are  also  found  to  some  extent  in  the  capillaries 
of  the  brain.  Fat-emboli  in  the  capillaries  produce  noticeable  altera- 
tions in  the  circulation  only  when  they  are  present  in  great  numbers ; 
but  when  this  is  the  case  they  can  produce  oedema  at  various  places  in 
the  body  (Yirchow).  Furthermore,  fat  is  destroyed  in  the  progress  of 
metabolic  changes. 

When  transported  by  means  of  the  arterial  circulation,  parenchyma 
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cells  remain  fixed  in  the  arterioles  or  capillaries,  the  stoppage  occurring 
in  the  former  when  the  liver-cells  enter  the  circulation  en  masse.  At  the 
point  of  impaction  their  presence  can  jjroduce  a  collection  of  blood- 
plates  associated^  with  a  hyaline  coagulation,  this  occurrence  taking 
place  in  the  case  of  emboli  formed  of  liver-cells.  The  cells  themselves 
do  not  multiply,  but  may  remain  intact  for  a  certain  length  of  time  (ac- 
cording to  Lubarsch,  three  weeks)  and  then  gradually  die,  when  the 
protoplasm  dissolves,  and  the  nuclei  swell  or  shrink  and  lose  their  chro- 
matin. In  multinuclear  cells  the  dissolving  is  followed  by  a  cluster- 
ing together  of  the  nuclei.  The  locality  where  fragments  of  thrombi, 
or  thrombi  which  have  become  detached,  are  arrested  is  determined  by 
the  size  of  these  masses  and  by  that  of  the  vessel  in  which  they  hapx:)en 
to  be.  Inasmuch  as  thrombi  can  be  produced  in  the  veins,  in  the  right 
heart,  and  in  the  pulmonary  arteries,  as  well  as  in  the  veins  of  the  lung, 
in  the  left  heart,  and  in  the  arteries  of  the  body  (see  Chapter  III.)?  it  is 
possible  for  emboli  to  occur  in  any  of  the  arteries  of  the  major  and 
minor  circulation;  and,  further- 
more, emboli  frequently  remain 
fixed  at  the  bifurcation  of  the  arter- 
ies, forming  straddling  emboli  (Fig. 
2,  c).  Through  transportation  in 
the  reverse  direction  of  the  current, 
emboli  may  be  carried  out  of  the 
greater  veins  into  the  lesser.  De- 
fects in  the  septa  of  the  heart  may 
produce  a  paradoxical  embolism. 

Small  collections  of  debris  from 
thrombi,  dead  red  blood-cori:)uscles 
or  fragments  of  them,  fattj^-degene- 
rated  and  broken-down  endothelial 
cells,  etc.,  in  the  same  manner  as 
happens  to  particles  of  dust,  either 
become  incorporated  into  the  sub- 
stance of  cells  or  remain  entirely  free ;  in  both  of  which  conditions  they 
are  quickly  removed  from  the  circulation  and  deposited  in  the  spleen, 
the  liver,  and  the  bone-marrow,  where  they  undergo  further  changes 
and  are  destroyed.  Nevertheless  the  products  resulting  from  the  de- 
struction of  the  blood  form  colored  and  colorless  deposits  in  the  organs 
mentioned,  and  remain  there  as  such  for  a  considerable  period  of  time 
(see  Part  IX.  of  Chapter  lY.) .  _ 

A  third  group  of  substances  which  produce  metastases  is  composed 
of  living  cells  which  have  originated  in  foci  of  growing  tissues,  and  are 
carried  to  other  organs  through  the  lymphatics  or  through  the  blood-ves- 
sels, into  which  latter  they  find  an  entrance  by  a  direct  rupture  of  the 
walls  of  the  vessel.  This  process  is  observed  w^hen  a  tumor,  which  has 
the  characteristic  of  growing  by  a  sort  of  infiltrative  process,  develops 
in  some  part  of  the  body ;  and  the  transportation  of  living  cells  from 
this  tumor  to  other  spots  in  the  body,  partly  by  way  of  the  lymphatics 
and  partly  by  way  of  the  blood-vessels,  gives  rise  to  the  formation,  hj 
a  process  of  proliferation,  of  metastatic  daughter=tumors  (see  Chapter 
YIL).  Metastasis  most  frequently  occurs  in  the  natural  direction  of 
the  blood-  and  lymph-streams ;  but  it  may  also  be  effected  by  hachward 
transpoy'tation ,  which  explains  how  a  tumor  which  has  broken  into  one 
of  the  larger  veins  of  the  body  produces  daughter-tumors  in  the  region 


Fig.  4.— Fat-embolism  of  the  kidney.  CFlem- 
ming's  mixture;  safranine.)  ^,  Glomeruli  with 
(bleak)  fat  in  the  capillaries ;  7),  fat-drops  in  the 
intertubular  capillaries.    Magnified  100  diameters. 
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drained  by  anotlier  vein.  A  backward  metastasis  is  frequently  seen  in 
the  lymphatic  system,  when  closure  of  one  part  of  the  lymjoh-channels 
occasions  a  change  in  the  direction  of  the  current. 

As  a  fourth  group  we  may  mention  all  those  processes  which  are 
characterized  by  the  entrance  of  vegetable  and  animal  parasites  into 
the  circulation.  If,  under  these  circumstances,  these  organisms  do  not 
find  conditions  suitable  for  their  further  development,  they  are  quickly 
eliminated  from  the  blood-current  and,  under  the  influence  of  the  meta- 
bolic changes,  destroyed.  But  if  they  are  able  to  reproduce  themselves 
anywhere,  they  will  lead  to  the  production  of  metastatic  infectious 
foci,  which  are  located  primarily  in  the  vascular  system,  but  may  also 
force  their  way  from  there  into  the  surrounding  tissues.  "When  the  in- 
vading forces  consist  of  bacteria,  the  secondary  infection  will  have  the 
same  character  as  that  of  the  primary  focus  (see  also  Chapters  IX.,  X., 
and  XI.).  Should  an  embolus  contain  organisms  which  possess  the 
power  of  inducing  Decrosis  of  the  tissues,  inflammation,  and  putrid  de- 
composition, there  will  be  produced,  along  with  the  embolism  and  the 
disturbances  in  the  circulation  which  necessarily  accompany  it,  suppu- 
ration and  sloughing ;  or,  in  other  words,  there  will  be  a  transportation 
of  the  very  same  i^rocess  which  ran  its  course  at  the  original  seat  of 
infection. 

As  a  fifth  group  of  metastatic  processes  may  be  classed  together  the 
following  pathological  occurrences :  first,  those  cases  in  which  constitu= 
ents  of  the  human  body,  having  undergone  solution,  pass  into  the 
circulation,  are  carried  to  some  other  part  of  the  body,  and  are  then 
deposited  in  the  new  location  in  a  solid  form  ;  and  second,  tliose  in 
which  substances  are  taken  up  into  the  body  from  the  outer  world  in 
a  dissolved  condition  and  are  then  deposited  in  the  tissues  in  a  solid 
form.  Most  frequently  it  happens  that  the  coloring-matters  of  the  bile 
are  taken  up  in  solution  into  the  blood  within  the  liver,  are  then  dis- 
tributed to  different  tissues,  and  at  the  same  time  produce  granular  or 
crystalline  deposits  of  hile-plgment.  Not  infrequently,  p''oducts  from  the 
destruction  of  red  hlood-corpusdes  undergo  solution  in  the  hlood-stream, 
and  are  deposited,  in  the  form  of  drops,  granules,  and  crystals,  in  the 
spleen,  liver,  and  kidneys.  Substances  derived  from  ti  coloring-mcdter 
of  the  blood  in  hemorrhagic  foci  may  also  be  taken  up  into  the  circulation 
and  distributed  to  various  organs. 

In  rapid  reabsorption  of  portions  of  the  skeleton,  lime-saJts  are 
brought  into  solution  in  great  quantities,  and  may  j^roduce  calcareous 
deposits  in  the  mucous  membrane  of  the  lungs,  the  stomach,  or  the 
kidneys.^ 

Preparations  of  silver  used  medicinally  for  a  long  time  may  produce 
a  deposit  of  fine  granules  of  silver  of  a  grayish-brown  color  in  various 
organs.  The  tissues  most  frequently  affected  are  the  connective  tissue 
of  the  skin,  the  glomeruli  and  connective  tissue  of  the  medullary  sub- 
stance of  the  kidney,  the  intima  of  the  larger  blood-vessels,  the  adven- 
titia  of  the  smaller  arteries,  the  tissues  in  the  neighborhood  of  the  mu- 
cous glands,  the  connective  tissues  of  the  intestinal  villi,  the  choroid 
plexuses  of  the  cerebral  ventricles,  and  the  serous  membranes. 

The  fact  that  the  epithelial  tissues  and  the  cerebrum  are  unaffected 
shows  that  there  is  a  selective  tendency  exhibited  by  the  tissues,  and 
that  this  selective  tendency  differs  materially  from  that  which  is  seen  in 

'  The  processes  referred  to  in  this  and  in  the  next  four  unnumbered  paragraphs  prob- 
ably constitute  the  author's  sixth  group. — Translator's  Kote. 
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the  case  of  a  metastatic  deposit  of  the  corpuscular  elements.  It  is  well 
to  assume  that,  for  this  excretion  and  precipitation  of  substances  in 
solution,  the  chemico-physical  character  and  the  functional  activity  of 
the  tissues  which  come  into  contact  with  the  blood  containing  these 
substances  exert  a  determining  influence  (compare  Part  XI.  of  Chap- 
ter lY.). 

If  a  large  amount  of  air  gains  entrance  to  the  right  heart,  as  may 
occur  from  the  wounding  of  a  large  vein  in  the  neighborhood  of  the 
thoracic  cavity,  or,  which  happens  more  rarely,  from  the  opening  of  the 
veins  (e.g.,  of  the  stomach)  by  an  ulcerative  process,  the  air  mingling 
with  the  blood  produces  a  foamy  mass,  which  the  contractions  of  the 
heart  are  scarcely  able  to  drive  onward.  In  consequence  of  this,  the 
left  heart  contains  little  or  no  blood,  the  aortic  pressure  falls,  and 
the  individual  speedily  dies.  Should  the  air  enter  the  right  heart  only 
in  slight  or  in  interrui)ted  amounts,  air-bubbles  are  formed  which  may 
circulate  through  the  entire  body.  Larger  amounts  sometimes  remain 
for  a  time  in  thd  vessels  of  the  major  or  minor  circulation,  cause  their 
closure,  and  give  rise  to  disturbances  of  the  circulation  which  may  in 
turn  cause  disorders  of  the  nervous  and  respiratory  functions.  If  this 
condition  does  not  produce  death,  the  air  is  reabsorbed  after  a  time. 

If  the  lung-tissue  is  ruptured  by  some  traumatism  or  by  violent 
coughing,  crying,  or  vomiting,  the  air  may  enter  the  connective=tissue 
spaces  and  lymphatics,  and  may  extend  along  these  into  remoter  parts 
of  the  lungs,  into  the  pleura  and  the  mediastinum,  and  even  out  as  fai 
as  the  skin,  thus  giving  rise  to  conditions  which  are  termed  enijjJiysema 
of  the  skin,  of  the  subcutaneous  tissues,  of  the  mediastinum,  etc.  Un- 
der certain  circumstances  the  air  may  spread  throughout  a  considerable 
portion  of  the  subcutaneous  lymph-channels  and  connective-tissue 
spaces,  and  when  this  happens  the  skin  presents  a  blown-up  appear- 
ance, and  pressure  upon  it  produces  a  crackling  sound. 

Arnold  believes  that  the  lymphatic  glands  form  a  sure  filter  for  dust,  and  that 
metastases  can  occur  only  after  the  rupture  of  a  lymphatic  gland  into  a  blood-vessel. 
This  opinion,  which  is  supported  by  the  results  of  numerous  experiments,  seems  to  me 
to  be  correct  for  all  those  cases  in  which  the  gland-structure  is  still  not  too  much  altered. 
I  think,  however,  aat  when  the  lymph-glands  soften,  from  being  overloaded  with  dust, 
they  may  discharge  dust-containing,  broken-down  material  through  their  efferent 
lymphatics. 

As  will  be  shown  later  (compare  Part  III.  of  Chapter  YI.),  it  is  an  invariable 
fact  that  where  foreign  bodies  or  dead  tissue-masses  are  present  in  the  midst  of  living 
tissues,  there  wandering  cells  will  be  sure  to  appear,  and  these,  so  far  as  is  possible, 
take  up  into  their  substance  a  smaller  or  larger  quantity  of  whatever  corpuscular  ma- 
terials may  happen  to  be  present.  This  material  is  then  carried  further  on,  especially 
to  the  lymphatic  vessels  and  lymphatic  glands.  Very  probably  this  material  is  utilized 
— so  fai*as  it  is  capable  of  being  so  utilized — for  the  nourishment  of  growing  tissue-cells.* 

According  to  Siebel  and  Kunkel,  cinnabar  and  indigo  granules  injected  into  the 
blood-stream  of  a  frog  are  rapidly  taken  up  by  the  leucocytes,  and  in  one  or  two  hours 
not  a  granule  is  to  be  found  free  in  the  blood.  At  the  end  of  twenty-four  hours  the 
granule-containing  leucocytes  have  all  passed  out  of  the  circulation  and  lie  for  the  most 
part  rolled  together  in  the  capillaries,  the  largest  number  being  found  in  the  capillaries 
of  the  spleen,  liver,  bone-marrow,  and  the  lungs,  while  they  are  found  in  smaller  num- 
bers in  the  kidneys,  and  in  still  smaller  numbers  in  the  capillaries  of  the  heart-muscle. 

Already  at  the  end  of  two  hours  a  few  granule-containing  cells  and  free  gi^anules 
are  found  in  the  tissues  outside  the  vessels,  and  after  a  few  days  they  have  almost  en- 
tirely disappeared  from  the  vessels.  The  granules  are  then  seen  partly  in  the  wander- 
ing cells,  partly  in  the  fixed  cells,  as  well  as  in  the  free  cells  of  the  splenic  pulp  (Ponfick) 

*Ziegler,  "Exper.  Unters,  über  die  Herkunft  der  Tuberkelelemente,"  Würzburg, 
1875;  Nikiforoff,  "Unters,  über  den  Bau  und  die  Entwickelung  des  Granulationsge- 
webes," Beiträge  von  Ziegler,  viii.,  1890. 
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and  of  the  bone-marrow.  They  may  even  still  be  found  in  these  organisms  weeks  aiter- 
ward  (Hoffmann,  Langerhans).  Both  in  frogs  and  in  dogs  some  of  the  granule-holding 
cells  find  their  way  into  the  lumen  of  the  alveoli  and  bronchioles  of  the  lungs,  and  are 
ihen  discharged  from  the  system  by  these  channels.  In  a  short  time  after  the  injection 
a  large  portion  of  the  granules  of  coloring-matter  are  found  adhering  to  the  endothelial 
cells  of  the  hepatic  capillaries,  while  a  second  portion  are  found  in  the  leucocytes,  which 
later  on  escape  from  the  vessels  into  the  tissues.  From  this  point  many  of  them  manage 
to  enter  the  lympnatics  of  the  liver  and  then  ultimately  reach  the  lymph-glands.  Finally, 
a  portion  of  the  granules  are  cast  out  with  the  bile,  but  by  what  course  they  manage  t-o 
enter  this  fluid  is  not  known.  In  dogs  the  pigment  granules  also  collect  in  the  tonsils, 
and  are  carried  by  the  leucocytes,  into  which  they  penetrate,  through  the  epithelial 
covering  to  the  outer  surface. 

According  to  the  observations  of  Jadassohn  ("Pigmentver.schleppung  aus  der  Haut." 
Arch.  f.  Derm.,  24  Bd.,  1892)  and  Schmorl  ("Pigmentverschleppung  aus  der  Haut,"  Cen- 
tralbl.  f.  allg.  Path.,  i  Bd.,  1893),  skin  pigment — both  that  which  is  normal  and  that 
which  is  the  result  of  some  pathological  process — may  be  transported  from  this  part  f»f 
the  body  and  lodged  in  the  lymph-glands  ;  in  other  words,  a  pigment  metastasis  may  take 
place. 

in.  Secondary  Local  and  General  Diseases. — Auto=lnfection. — Dis= 
eases  Caused  by  the  Cessation  of  the  Functional  Activity  of 
Certain  Glands. 

§  19.  If  a  local  tissue-change  is  caused  by  auy  injurious  influence,  a 
primary  local  or  organic  disease  will  occur,  which  is  accompanied  by 
a  disturbance  of  function  of  the  affected  part  or  organ.  If  the  injurious 
agent  finds  its  way  into  the  juices  of  the  body  and  into  the  blood,  with- 
out causing  any  noticeable  changes  at  its  point  of  entrance,  although 
inside  the  body  it  induces  local  alteratioDS,  we  may  speak  of  the  condi- 
tion as  a  solitary  or  multiple  lymphogenous  or  hematogenous  local  or 
organic  disease. 

The  local  malady  may  remain  confined,  during  its  entire  course,  to 
the  organ  originally  affected,  and  yet  it  is  a  very  common  occurrence 
for  some  secondary  organic  disease,  or  even  for  a  general  disease,  to 
develop. 

One  way  in  which  a  iKitliologlcal  process  iiiaf/  e.iiotd  to  other  parts 
of  the  body  is  by  the  process  of  metastasis — described  already  in  sj  18". 
It  is  in  this  way  that  not  merely  isolated,  but  also  often  a  large  number 
of  foci  of  disease  develop  with  such  extraordinary  frequency  in  tlie  liv- 
ing body.  In  many  cases  the  cjenercdhation  of  this  process  by  aid  of  the 
blood-  and  lymph-channels  is  so  widespread  (as  in  tuberculosis,  sup- 
purations, and  carcinomatous  growths)  that  the  majority  of  the  organs 
will  be  found  to  contain  such  foci  of  disease,  and  that  at  the  same  time 
they  will  give  unmistakable  evidences  of  being  more  or  less  disturbed 
in  their  functional  activity,  according  to  the  extent  to  which  each  is 
involved. 

A  second  group  of  pathological  phenomena  owe  their  origin  to  the 
fact  that  poisonous  products  are  generated  in  the  primary  foci  of  dis- 
ease, and  that  these  products,  when  taken  up  into  the  juices  of  the  body 
and  into  the  blood,  produce  upon  many  of  the  organs  efiects  which  may 
be  designated  as  due  io  2:>oisonmg  hij  suhsto rices  irhich  have  emoncded  from, 
certcdn.  foci  of  disease.  This  form  of  intoxication  is,  as  I  have  already 
explained  in  §  14,  of  extremely  frequent  occurrence  in  the  infective  dis- 
eases, and  gives  rise  not  only  to  secondary  degenerations  of  different 
organs,  but  also  to  general  disturbances  of  the  metabolic  processes — 
such,  for  example,  as  a  feverish  increase  in  the  heat  of  the  body,  and 
some  damaging  of  the  central  nervous  system, — manifestations  which 
indicate  the  existence  of  a  more  or  less  severe  general  disease. 
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A  third  mode  of  distribution  of  patliological  processes  throughout 
the  body  becomes  possible  by  reason  of  the  fact  that  the  integrity  and 
the  normal  functional  activity  of  many  organs  are  dependent  in  large 
measure  upon  the  function  of  certain  other  organs,  and  upon  the  further 
fact  that  the  organism  as  a  whole  has  need — if  it  is  to  maintain  a  normal 
condition  for  any  considerable  period  of  time — of  the  perfect  functional 
working  of  all  its  organs.  Accordingly  there  is  a  large  group  of  local 
and  general  diseases  iMcli  owe  their  origin  to  the  imperfect  functional  loorh- 
ing  of  this  or  that  organ. 

^  Finally,  it  is  not  a  rare  event  for  normal  products  of  metabolism — 
which,  under  normal  conditions,  are  cast  out  from  the  body  or  else  are 
consumed  again — to  be  retained  in  the  body  and  to  escape  being  con- 
sumed; in  which  event  their  influence  upon  the  tissues  of  the  body  pro- 
duces conditions  which  may  be  described  as  an  auto-intoxication. 

Auto-intoxications  are  in  some  measure  the  result  of  the  defective 
functional  activity  of  certain  glands,  and  yet  they  may  also  develop 
under  other  circumstances;  and  furthermore  the  disturbance  of  the  func- 
tions of  certain  glands  may  cause,  not  only  auto-intoxications,  hut  also  other 
pathological  changes. 

§  20.  Secondary  diseases,  which  develop  in  consequence  of  certain 
organic  affections,  occur  with  extraordinary  freq^uency  as  a  result  of 
2Mthological  alterations  of  the  blood  and  of  the  circulatory  apparatus. 

The  vascular  system  and  its  contained  blood  have  relations  to  all  the 
tissues,  and  accordingly  diminution  in  cpiantity  and  diseases  of  the  blood, 
as  well  as  pathological  alterations  of  the  blood-vessels,  very  often  produce 
diseased  conditions  in  this  or  that  tissue,  or  even  in  the  entire  body.  If 
the  amount  of  haemoglobin  in  the  blood  is  diminished  by  a  decrease 
in  the  number  of  red  blood-corpuscles  (oligocythsemia),  or  by  some 
l^athological  change  in  the  cori^uscles  themselves,  or,  finally,  if  the 
haemoglobin  be  made,  by  the  action  of  carbon  monoxide  (§  10),  in  a 
measure  incapable  of  taking  wp  the  oxygen  from  the  air,  the  normal 
amount  of  oxygen  would  no  longer  be  carried  to  the  tissues  of  the  body. 
Consequently,  if  the  amount  of  oxygen  conveyed  to  the  tissues,  under 
the  circumstances  just  stated,  sinks  below  a  certain  point,  deficient 
nutrition  and  its  attendant  fatty  degeneration  will  result;  in  fact,  in 
exceptional  cases,  this  deficiency  of  oxygen  may  produce  death,  by  caus- 
ing a  paralysis  of  the  nerve-centres. 

Should  the  arteries  be  closed  by  thrombi  or  emboli  (compare  §  17  and 
Chapter  III.),  or  narrowed  or  actually  closed  by  thickening  of  their  icalls, 
as  happens  in  the  arterial  disease  known  as  arteriosclerosis,  the  regions 
supplied  by  the  arteries  thus  afi'ected  become  the  seat  of  local  deficiencies 
in  nutrition  and  in  oxygen-supply,  of  local  asphyxia,  and,  later,  of  de- 
generative pyrocesses  which  very  frequently  end  in  the  death  of  the  tissues 
involved,  and  sometimes  also  of  the  connective-tissue  framework  of  the 
organ. 

In  the  cerebrum  and  spinal  cord  the  alterations  in  the  blood-vessels 
tend  to  produce  ischaemic  softening  processes  (see  Chapter  TV.),  which 
frequently  cause  paralyses,  and  not  infrequently  end  in  death.  In  the 
heart,  the  changes  in  the  vessels  produce  diffuse  fatty  degeneration,  or 
local  softening  of  the  heart-muscle,  as  a  result  of  which  the  function  of 
this  organ  is  disturbed,  or  it  may  even  become  entirely  insufficient.  In 
the  kidney  the  secreting  glandular  parenchyma,  together  with  a  por- 
tion of  the  connective  tissue,  undergoes  necrosis  and  atrophy,  and  the 
loss  of  these  substances  produces  local  or  widespread  shrinkings 
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which  are  called,  according  to  their  size,  embolic  and  arteriosclerotic 
atrophies. 

In  the  stomach  ischsemia  of  the  mucous  membrane  produces  local 
ulcerations ;  in  the  liver  and  in  the  muscles  it  induces  atroj^h y  ;  in  short, 
no  tissue  can  withstand  the  effects  of  a  long-standing  bloodlessness  or 
poverty  of  the  blood.  Consequently,  narrowing  or  closing  of  the  arte- 
ries by  clots  or  by  changes  in  their  walls  plays  an  exceedingly  impor- 
tant part  in  pathology,  and  is  not  only  the  cause  of  anannic  necroses  (see 
Chajjter  IV.)  and  hemorrhagic  infarcts  (see  Chapter  III.),  but  also  of 
numberless  progressive  organic  atrophies.  In  the  production  of  organic 
atrophies  arteriosclerosis  possesses  a  prominent  significance,  since  it 
is  a  very  frequent  disease  with  the  aged,  resulting  in  tissue-degenera- 
tion in  various  organs.  As  a  result  of  these  degenerative  processes, 
most  of  the  organs  attacked  contain  at  a  later  date  cicatrized  patches,  in 
which  the  specific  tissue  has  disappeared,  while  the  connective  tissue  is 
increased. 

The  active  participation  of  the  vascular  apparatus  in  all  iuflarnmatory 
processes  (see  Chapter  VI.),  the  cUstarhances  of  the  circtdation  through 
alteration  in  the  blood-vessel  walls,  the  disptacements  and  changing  of 
the  vascular  channels  which  result  in  part  from  the  closing  of  old  vessels 
by  proliferating  endothelial  cells  or  by  thrombi  find  in  i)art  from  the  for- 
mation of  new  vessels,  make  it  appear  comprehensible  how  in  all  chronic 
inflammations  the  specific  cells,  deprived  of  regular  nutrition,  undergo 
degeneration,  and  frequently  become  replaced,  but  only  to  a  limited 
extent,  by  connective  tissue.  This  is  especially  true  in  the  case  of 
chronic  inflammations  of  glandular  organs. 

If  there  is  a  profuse  watery  discharge  from  the  intestines  the  body 
will  suffer  for  lack  of  water ;  and  if  stenosis  of  the  oesophagus  or  of  the 
pylorus  prevents  the  intestinal  tract  from  habitually  receiving  sufficient 
food,  or  if  the  stomach  and  the  intestine  are  no  longer  able  to  digest  the 
alimentary  materials  which  are  brought  to  them,  and  afterward  to  carry 
them  along  into  the  juices  of  the  body,  the  organism  as  a  whole  will  be 
made  poorer  in  albumin  and  fat. 

If  the  heart  is  unable  to  drive  out  with  normal  vigor  the  contained 
blood,  evidences  of  venous  stasis  will  show  themselves  in  the  more  re- 
motely situated  organs.  If  the  respiration  is  impeded,  or-  in  any  way 
rendered  imperfect,  the  composition  of  the  blood  will  undergo  altera- 
tions. A  collection  of  fluid  in  the  thoracic  cavity  results  in  compression 
of  the  lung;  interference  with  expiration  while  inspiration  remains  per- 
fectly free  gives  rise  to  distention,  and,  later  on,  to  atrophy  of  the  lung. 
If  a  portion  of  the  lung  has  been  rendered  useless  by  a  chronic  inflam- 
matory process,  the  inspiratory  distention  of  the  thorax  acts  only  upon 
that  portion  of  the  lung  which  is  functionalh'  active.  The  effect  of  this 
is  to  produce  first  an  overdistention  of  this  part  of  the  lung,  and  even- 
tually a  condition  of  atrophy  due  to  the  abnormal  sti^etching  of  the 
tissues. 

By  increase  in  the  size  of  the  liver  compression  is  exerted  upon 
neighboring  organs;  diseases  of  the  parenchyma  of  the  liver  are  often 
followed  by  disturbances  in  the  circulation  of  blood  through  the  organ, 
and  at  the  same  time  by  stasis  in  the  area  of  distribution  of  the  portal 
vein,  together  with  abdominal  dropsy. 

Prevention  of  the  outflow  of  urine  from  the  ureters  retards  the  secre- 
tion of  urine  and  leads  to  atrophy  of  the  kidney.  A  large  excretion  of 
albumin  in  the  urine  produces  a  diminution  of  the  albumin  in  the  body. 
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The  destruction  of  large  portions  of  the  parenchyma  of  the  kidney  is 
followed  by  increased  arterial  pressure  in  the  aorta,  increase  in  the 
heart's  action,  and  hypertrophy  of  that  organ. 

An  increased  resistance  in  the  pulmonary  circulation,  on  account  of 
disease  of  the  lungs,  is  often  followed  by  dilatation  and  hypertrophy 
of  the  right  side  of  the  heart.  Obstacles  at  the  ao7^tic  opening  which 
interfere  with  the  emptying  of  blood  from  the  left  chamber  lead  to 
hypertrophy  of  the  left  ventricle.  Stenosis  and  insuflSciency  of  the 
mitral  orifice  cause  backward  pressure  of  the  blood  in  the  direction  of 
the  right  heart.  This  influence  may  be  counterbalanced  by  a  hyper- 
trophy of  the  right  ventricle,  or,  if  this  compensation  fails,  the  back 
pressure  exerts  its  influeuce  upon  the  veins  of  the  major  circulation. 

An  oblique  position  of  the  pelvis  produces  curvature  of  the  spine. 
Stiffness  of  a  joint  and  inability  to  use  it  produce  atrophy  of  the  sur- 
rounding muscles,  this  atrophy  being  due  to  inactivity. 

Diseases  of  the  nervous  system  may  give  rise  to  functional  derange- 
ents  and  anatomical  changes  in  every  organ  of  the  body — in  glands, 
muscles,  skin,  bones,  lungs,  heart,  intestines,  etc.  These  changes  are 
due  in  part  to  an  increase,  in  part  to  a  diminution  or  even  an  arrest,  of 
nervous  impulses ;  thej^  are  also  due  to  disturbances  in  the  circulation, 
and  perhaps  also  to  the  withdrawal  of  trophic  nerve-influence  upon 
which  the  tissues  are  dependent  for  their  nutriment.  Destruction  of 
the  large  ganglionic  cells  in  the  anterior  gray  horns  of  the  spinal  cord 
produces  atrophy  of  the  corresponding  peripheral  nerves  and  the  mus- 
cles supplied  by  them.  Paralyzed  extremities  become  atrophied.  Dis- 
eased conditions  in  the  region  of  the  respiratory  and  vascular  centres 
induce  disturbances  of  the  functions  controlled  by  these  centres.  Inju- 
ries of  certain  portions  of  the  medulla  oblongata,  concussions  of  the 
brain  and  spinal  cord,  the  presence  of  tumors  in  the  brain,  psychical 
affections,  and  poisonings  of  the  nervous  system,  cause,  under  certain 
circumstances,  first  a  rapid  absorption  of  the  hepatic  glycogen  into  the 
blood,  and  then  a  secretion  of  a  saccharine  urine.  Irritation  of  the 
peripheral  nerves  may  produce  abnormal  reflex  sensations  and  move- 
ments, as  well  as  circulatory  disturbances,  in  other  parts  of  the  body. 
Paralysis  of  both  vagi,  or  of  the  branches  which  are  given  off  by  them, 
and  which  are  called  the  recurrent  laryngeal  nerves,  may  be  broughjj 
about  by  inflammatory  processes  or  by  pressure  on  the  part  of  neigh- 
boring lymph-glands,  etc. ;  and  the  condition  is  one  which  may  be  fol- 
lowed by  inflammation  of  the  lungs,  by  reason  of  the  fact  that  the  ac- 
companying paralysis  of  the  laryngeal  muscles  permits  the  entrance  of 
foreign  substances  into  the  lung  during  inspiration. 

The  trophoneurotic  diseases  of  the  tissues  are  mentioned  in  the  main  text  only  cur- 
sorily, and  their  occurrence  is  set  forth  as  only  a  possibility.  This  is  done  for  the 
reason  that  the  relations  of  the  trophic  nerve-system  to  the  individual  tissues  are  still 
imperfectly  understood,  and  the  opinions  of  different  authors  vary  greatly  in  regard  to 
the  dependence  of  the  tissues  upon  the  nervous  system.  Many  authors  ascribe  to  the 
trophic  action  of  the  nervous  system  a  far-reaching  influence  on  the  various  diseased 
conditions  to  v^hich  the  tissues  are  liable,  and  attribute  to  the  motor,  secretory,  sentient, 
sensory,  and  reflex  nerves  the  power  of  establishing  the  necessary  connection  with  the 
nerve-centres.  Others  attribute  the  same  power  to  special  trophic  nerves.  Thus,  for 
instance  muscular  atrophy,  glandular  atrophy,  bone-  and  joint-atrophies  (in  tabes  and 
syringomyelia),  diverse  diseased  conditions  of  the  skin  characterized  by  thinning,  ex- 
foliation of  the  epithelium,  loss  of  hair,  inflammation,  etc.,  unilateral  tissue-atrophies, 
and  also  hypertrophic  growths  of  the  muscles,  the  glands,  the  skin,  the  bones,  etc.,  all 
are  attributed  to  affections  of  the  nerves. 

It  is  not  to  be  questioned  that,  as  the  result  of  disturbances  of  innervation,  there 
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are  produced  both  degenerative  and  lij-pertrophic  tissue-changes  and  inflammations  ;  but 
most  probably  these  are  dependent  not  upon  a  condition  of  the  tissues  caused  by  the  re- 
moval of  or  change  in  nerve-influence,  but  much  more  upon  the  increased  or  decreased 
functional  activity  of  the  tissues,  or  upon  injmy  or  inflammation  and  disturbances  in 
circulation  which  have  developed  coincidently  with  the  disturbances  of  innervation. 
An  example  of  this  is  seen  in  the  tissue-disturbances  which  are  observed  when  there  is  a 
loss  of  sensibility.  Golz  and  Ewald,  who  in  dogs  thoroughly  destroyed  the  thoracic  and 
lumbar  portions  of  the  spinal  marrow,  w-ere  successful,  by  the  exercise  of  great  careful- 
ness, in  preserving  intact  the  skin  of  the  animals  thus  operated  upon  ;  and  consequently 
they  are  also  opposed  to  the  idea  that  trophic  centres  and  nerves  exist. 

§  21.  Auto=intoxications  or  self=poisonings  may  take  place  in  a  vari- 
ety of  ways.  In  the  first  place,  poisonous  jjroducts  of  metabolism,  which 
are  normal  both  in  character  and  in  quantity,  may,  through  some  hin- 
drance or  other,  fail  to  he  excreted  in  adequate  quantity,  and  in  this  way 
they  may  be  carried  over  into  the  juices  of  the  body  and  thera  be  re- 
tained. *  In  the  next  place,  the  physiological  production  of  p>oisonous  sub- 
stances may  undergo  an  increase  which  is  great  enough  to  be  considered 
pathological.  In  the  third  place,  it  may  happen  that  pmsonous  products 
of  metabolism,  which  under  normal  conditions  are  at  once  decomposed 
and  thereb}'  converted  into  something  harmless, /<ra7— as  a  result  of  some 
disturbance  of  metabolism  of  either  a  local  or 'a  general  character — to 
undergo  this  decomposition.  Finally,  it  also  sometimes  happens  that, 
as  a  result  of  pathological  changes  in  the  functional  activity  of  certain 
organs,  or  even  of  the  entire  cessation  of  such  activity,  poisonous  substances 
malie  their  appearance  in  the  blood  and  at  the  same  time  also  in  the  urine. 

If  injurious  substances  resulting  from  the  decomposition  of  albumin  are 
retained  in  the  intestinal  canal,  or  if  they  are  formed  there  in  an  abnor- 
mally plentiful  manner,  they  may  give  rise,  not  only  to  local  pathologi- 
cal disturbances,  but  also  to  general  intoxications;  and,  furthermore, 
through  the  agency  of  the  bacteria  that  are  present  in  this  canal,  the 
sulphuretted  hydrogen  that  originates  from  the  sulphur  which  enters 
into  the  composition  of  the  albuminous  elements,  may  pass  over  into 
the  blood  in  such  large  quantities  that  the  odor  of  this  gas  can  be  recog- 
nized in  the  patients'  breath,  while,  at  the  same  time,  the  sulphuretted 
hydrogen  itself  will  also  be  found  to  be  present  in  the  urine.  The  ele- 
ments which,  when  taken  up  into  the  blood,  are  capable  of  i^roducing 
manifestations  of  poisoning — such,  for  example,  as  vomiting,  headache, 
vertigo,  depression  of  spirits,  urticaria,  etc. — are,  as  a  rule,  those  tox- 
ins which  are  derived  from  the  decomposition  of  albumin  through  the 
agency  of  the  intestinal  bacteria.  It  is  also  probable  that  the  tetany 
which  occurs,  as  something  exceptional,  in  dilatation  of  the  stomach, 
owes  its  origin  to  an  auto-intoxication. 

If  the  function  of  the  kidneys  is  disordered  to  such  a  degree  that  the 
substances  which  are  convertible  into  urea  are  excreted  in  only  insuffi- 
cient quantities,  symptoms  of  poisoning  may  manifest  themselves  in 
consequence  of  the  retention  of  these  substances ;  these  symptoms  con- 
sisting of  a  comatose  condition,  interrupted  from  time  to  time  by  con- 
vulsions, and  of  disturbances  cf  the  respiration  —  all  of  which  taken 
together  constitute  what  is  designated  as  urcemia.  According  to  von 
Limbeck  the  retained  substances  act  like  a  narcotic,  and  the  first  effects 
of  this  narcosis  are  a  dulling  of  the  powers  of  sensation  and  an  inability 
to  sleep.  According  to  Fleischer,  the  poisoning,  through  an  irritation 
of  the  vaso-motor  centre,  induces  a  spasm  of  the  muscular  elements  of 
the  blood-vessels,  and  this  in  turn  causes  a  high  degree  of  cerebral  anae- 
mia.   It  is  still  an  unsettled  question  whether  the  toxic  effect  is  depend- 
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ent  upon  the  action  of  a  single  element  or  upon  that  of  a  number  of  sub- 
stances. According  to  the  investigations  of  Bohne  it  is  probable  that 
the  conditions  described  are  dependent  in  the  largest  measure  upon  the 
retention  of  the  chlorides  within  the  organism. 

Inasmuch  as  many  substances  are  also  eliminated  by  way  of  the  in- 
testinal tract,  it  is  possible  that  some  defective  functional  activity  on  the 
part  of  the  intestines  may  thus,  under  certain  circumstances,  render  it 
difficult  for  the  organism  to  rid  itself  of  retained  poisonous  substances, 
and  in  this  way  may  lead  to  an  auto-intoxication.  Similarly,  the  ovei'- 
charging  of  the  blood  with  carbonic  acid,  through  some  interference 
with  the  exchange  of  gases  in  the  lungs,  may  also  give  rise  to  symptoms 
of  poisoning. 

When  the  excretion  of  bile  from  the  liver  is  either  arrested  alto- 
gether or  is  merely  hindered  in  its  escape,  through  the  existence  of 
some  pathological  lesion  in  the  gall-ducts  or  in  some  other  part  of  the 
liver,  the  constituent  elements  of  the  bile  will  be  taken  up  into  the 
blood,  and  there  will  be  produced  that  condition  to  which  the  term 
cholcemia  is  commonly  applied.  When  this  happens,  not  only  the  col- 
oring matter  of  the  bile  but  also  the  biliary  salts  enter  the  circulating 
blood,  and  their  presence  in  this  fluid  produces  general  lassitude,  irri- 
table temper,  mental  fatigue,  a  disposition  to  sleep,  a  slowing  of  the 
pulse  rate,  itching  of  the  skin,  and  abnormal  sensations  of  hearing  and 
of  taste.  These  effects  upon  the  heart,  the  muscles,  and  the  central  ner- 
vous system  are  to  be  ascribed  to  the  biliary  salts,  which  in  addition 
exert  a  solvent  action  upon  the  red  blood-corpuscles. 

If  the  liver  has  already  undergone  marked  pathological  changes, 
there  will  be  disturbances  in  the  formation  not  only  of  bile,  but  also  of 
sugar  and  of  urea  in  this  organ ;  and  besides,  it  is  likely  that  the  sub- 
stances which  are  carried  to  the  liver  from  the  intestinal  canal,  and 
which  under  normal  conditions  undergo  in  this  organ  decomposition 
into  other  elements,  in  reality  pass  through  it  without  undergoing  any 
alteration.  There  are  many  who  believe  that  at  least  the  severe  symp- 
toms— such  as  the  various  forms  of  mental  excitement,  delirium,  drowsi- 
ness, coma,  cerebral  paralysis — which  occur  in  degenerations  of  the 
liver  (icterus  gravis),  ought  to  be  ascribed  to  the  presence  of  these  sub- 
stances in  the  blood,  and  they  mention,  in  support  of  their  belief,  the 
fact  that  under  these  circumstances  abnormal  substances  (e.g.,  ammo- 
nium carbonate)  make  their  appearance  in  the  urine. 

If  the  pancreas  has  undergone  degeneration,  considerable  quantities 
of  dextrose,  acetone,  and  acetic  acid  (compare  §  22) — the  last  two  of 
which  substances  are  capable  of  producing  poisonous  effects — may  ap- 
pear in  the  blood  and  in  the  urine ;  and  consequently  one  is  tempted  to 
refer  this  pathological  phenomenon  to  some  defect  in  the  functional 
activity  of  the  pancreas. 

Finally,  the  observation  has  also  been  made  that  when  the  thyroid 
gland  and  the  suprarenal  capsules  (§  23  and  §  24)  undergo  degeneration, 
pathological  symptoms  arise  which  may  perhaps  be  explained  (at  least 
in  part)  by  the  assumption  that,  as  a  result  of  the  degeneration  of  these 
organs,  certain  poisonous  products  of  metabolism  cease  to  undergo 
decomposition. 

The  term  auto-intoxication  is  not  used  with  the  same  significance  by  all  authors, 
many  of  them  giving  to  it  a  wider  scope  than  I  have  given  in  the  preceding  text,  and 
even  applying  the  term  to  the  poisonings  caused  by  pathogenic  bacteria.  In  justification 
of  this  stand  it  may  be  said  that  these  poisons  have  also  in  large  part  originated  from 


54        EFFECTS   OP  AN   ORGAXIC   DISEASE   UPON   OTHER  ORGANS. 

the  component  elements  of  the  body.  Nevertheless,  it  seems  to  me  that  such  a  widening 
of  the  significance  of  this  term  is  not  to  be  commended,  inasmuch  as  the  cause  of  this 
decomposition  does  not  reside  within  the  body  but  reaches  it  from  the  outside — in  other 
words,  a  previous  infection  is  indispensable  for  the  establishment  of  the  poisoning.  1 
am  therefore  of  the  opinion  that  it  is  more  correct  to  apply  the  term  auto-intoxicati<jn 
only  to  those  poisonings  which  owe  their  origin  to  products  of  metabolism  which  have 
come  into  existence  either  through  the  activity  of  cells  belonging  to  the  organism,  or 
else  through  that  of  non-pathogenic  bacteria  which  are  always  present  in  the  organism 
(e.g.,  in  the  intestines). 

According  to  Bouchard's  view  the  auto-intoxications  are  caused  chiefly  by  leuco- 
mains,  i.e.,  by  the  earlier  products  of  the  retrograde  metamorphosis  of  albuminous 
materials,  which  materials,  under  normal  conditions,  undergo  decomposition,  chiefly 
through  a  process  of  intra-organic  oxidation,  until  they  reach  the  form  of  urea,  where- 
upon they  are  cast  out  from  the  body. 

Chronic  diseases,  which  are  characterized  by  a  change  in  the  whole  tone  of  the 
bodily  functions,  are  very  commonly  grouped  together  as  constitutional  diseases. 
Samuel  places  in  this  category  the  permanent  anomalies  of  the  blood,  the  lymph-glands, 
and  the  nervous  tissues  (neuropathic  predisposition),  rachitis,  osteomalacia,  mutiple  ex- 
ostoses, feeble  muscular  development,  relaxed  articular  bands,  etc.  Hoffmann  ("  LehrbiK-h 
der  Constitutionskrankheiten,"  Stuttgart,  1894)  applies  the  term  to  the  different  forms  of 
anaemia,  the  hemorrhagic  diathesis,  hpemoglobinamia,  rachitis,  osteomalacia,  chronic 
rheumatism,  progressive  ossifying  myositis,  the  formation  of  multiple  exostoses,  obesity, 
gout,  diabetes  mellitus  and  diabetes  insipidus,  and  Addison's  disease.  Nothnagel,  in 
his  "Handbook  of  Special  Pathology,"  omits  diseases  of  the  blood  from  the  constitutional 
diseases,  and  includes  among  them  only  rachitis,  osteomalacia,  gout,  obesity,  chronic 
rheumatism,  arthritis  deformans,  diabetes  mellitus  and  diabetes  insipidus.  From  these 
examples  it  becomes  reasonably  clear  that  the  conception  of  a  constitutional  disease  is 
made  to  apply  to  very  different  conditions.  As  a  matter  of  fact,  the  diseases  enumerated 
are  not  at  all  characterized  by  constitutional  anomalies  ;  they  represent,  rather,  the 
sequelse  of  anomalies  or  diseases  of  certain  tissues.  Consequently  the  term  "constitu- 
tional disease"  is  commonly  employed  in  an  entirely  erroneous  manner.  At  most  it 
may  still  be  applied  with  some  fitness  to  obesity  and  gout. 

§  22,  If  a  gland  produces  an  internal  secretion — that  is  to  say,  if  it 
contributes  to  the  great  mass  of  the  juices  of  the  body  or  to  the  blood 
certain  materials  which  are  important  for  the  normal  functional  activity 
of  other  organs  or  for  the  organism  as  a  whole — the  alteration  of  this 
function  or  its  complete  abolishment  may  cause  more  or  less  serious 
disturbances  in  the  nutrition  as  well  as  in  the  functional  activity  of  other 
organs  and  indeed  of  the  entire  organism.  We  are  in  the  habit  of  attrib- 
uting the  power  of  producing  such  an  internal  secretion  to  the  liver, 
the  pancreas,  the  thyroid  gland,  the  suprarenal  capsules,  the  thymus 
and  the  sexual  glands.  Nevertheless,  our  actual  knowledge  in  regard 
to  the  nature  of  these  different  secretions  is  still  extremely  scanty  and 
hypothetical,  and  we  are  obliged  to  infer  what  influence  each  of  these 
glands  exerts  upon  the  metabolic  changes  and  the  life  of  the  organism 
almost  entirely  from  the  disturbances  which  arise  when  the  glands  in 
question  become  diseased.  Among  the  most  important  of  the  diseases 
which  belong  in  this  category  are  diabetes  mellitus,  tliyreoprival  cachexia, 
myxoedema,  cretinismus,  and  Addison's  disease,  as  well  as  tJw  functional 
and  anatomical  changes  icMch  occur  in  the  body  as  a  result  of  castration. 
In  a  certain  sense  it  is  proper  to  place  in  the  same  category  asphyxia, 
which  arises /rom  the  failure  of  the  lungs  to  p)erform  properly  their  func- 
tion;  for  it  is  through  the  functional  activity-  of  the  lungs  that  the  requi- 
site amount  of  oxygen  is  conveyed  to  the  organism. 

Diabetes  mellitus  is  a  disease  characterized  by  the  presence  of  a 
large  amount  of  grape-sugar  in  the  urine  (glycosuria),  accompanied  by 
a  marked  increase  in  the  total  amount  of  urine  secreted  (polyuria),  often 
also  by  the  pathological  increase  of  acetone  and  by  the  excretion  of  aceto- 
acetic  acid  and  /^-oxybutyric  acid  in  the  urine.    At  the  same  time  grape- 
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sugar  and  the  acids  just  named  are  found  in  the  blood,  and  frequently 
diminish  its  alkalinit}'.  When  the  blood  of  these  patients  contains  a 
large  proportion  of  acids,  headache,  a  feeling  of  anxiety,  delirium,  faint- 
ings,  and  finally  arrest  of  consciousness  (coma  diabeticum)  are  apt  to 
develop,  and  these  conditions  are  probably  attributable  to  intoxication 
by  acids  (Stadelmann,  Minkowski). 

The  presence  of  sugar  in  the  urine  may  be  due  to  the  fact  that  too 
much  sugar  has  been  taken  into  the  body,  so  that  a  portion  has  en- 
tered the  urine  unchanged  (alimentary  glycosuria).  Glycosuria  may 
also  occur  in  consequence  of  injuries  to  particular  parts  of  the  medulla 
oblongata  (puncture  of  Bernard),  or  as  the  result  of  disease  in  the  cere- 
brum (softening,  epilepsj^  mental  affections,  severe  psychical  derange- 
ments, tumors,  parasites),  or  of  some  form  of  poisoning  (carbon  monox- 
ide, curare,  morphine,  strychnine,  amyl  nitrite,  nitrobenzol) ,  in  which 
the  liver  probably  gives  up  its  glycogen  into  the  blood  more  rapidly 
than  normal,  so  that  a  hyperglycsemia  is  set  up. 

Finally,  glycosuria  may  occur  when  the  kidneys  are  unable  to  hold 
back  the  slight  amount  of  glucose  which  is  normally  present  in  the 
blood,  a  phenomenon  which  may  be  produced  experimentally  by  the  ad- 
ministration of  phloridzin  (von  Mering)  or  of  caffeine  sulphate  (Jacobi) . 

These  alimentary,  neurotic,  and  toxic  glycosurias  are,  however,  to 
be  distinguished  from  the  ordinary  diabetes  in  that  the  cause  of  glyco- 
suria is  to  be  sought  not  in  an  increased  conveyance  of  sugar  into  the 
blood  or  a  pathological  excretion  of  sugar  contained  in  the  blood,  but 
rather  in  the  fact  that  the  diabetic  patient  is  unable  to  decompose  suffi- 
ciently the  carbohydrates,  and  especially  the  dextrose,  while  the  sugars 
which  turn  polarized  light  to  the  left  (levulose  and  inulin)  usually  can 
be  oxidized,  if  not  entirely,  certainly  in  greater  amount  than  dextrose. 
In  most  cases,  also,  the  power  to  form  fats  from  the  carbohydrates  is 
lessened;  yet  there  are  cases  in  which  this  function  is  intact,  and  the 
sugars  are  stored  up  in  the  body  as  fats  (diabetogenous  obesity) . 

According  to  the  investigations  of  von  Mering  and  Minkowski,  which 
have  been  confirmed  by  different  authors,  this  loss  of  power  in  the  organ- 
ism to  oxidize  the  sugar  brought  into  the  body,  or  to  store  it  up  as  glyco- 
gen or  fat,  is  to  be  explained  by  a  weakened  functional  action  of  the 
pancreas.  This  conclusion  is  drawn  from  the  fact  that,  after  the  total 
extirpation  of  the  pancreas  in  dogs,  a  severe,  and  after  a  few  weeks  fatal, 
diabetes  is  produced,  which  is  characterized,  as  diabetes  is  in  the  human 
subject,  by  polyuria,  polydipsia,  hyperglycsemia,  glycosuria,  a  diminu- 
tion of  the  glycogen  in  the  tissues,  and  occasionally  also  by  the  existence 
of  active  destruction  of  albumin,  by  emaciation,  by  excretion  of  large 
amounts  of  acetone,  aceto-acetic  acid,  /5-oxybutyric  acid,  and  ammonia, 
and  by  the  appearance  of  a  comatose  condition.  In  support  of  the  sup- 
position that  there  is  a  definite  relation  between  the  disturbance  of  the 
pancreatic  function  and  diabetes,  we  find  in  certain  cases  of  this  disease 
that  the  pancreas  has  undergone  some  alteration — that  is,  it  is  atrophied 
or  de^nerated ;  it  should,  however,  be  borne  in  mind  that  the  anatomi- 
cal examination  often  fails  to  disclose  a  pathological  condition  of  the 
pancreas,  so  that  we  must  content  ourselves  with  the  belief  that  the 
anatomical  alterations  which  may  underlie  the  functional  disturbance  of 
this  organ  are  not  sufficiently  well  marked  for  us  to  be  able  to  demon- 
strate them. 

A  precise  explanation  of  the  causal  relations  existing  between  dis- 
eases of  the  pancreas  and  diabetes  cannot  be  given  at  the  present  time ; 
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yet  from  the  foregoing  experimental  researches  we  may  deduce  the 
hypothesis  that  the  pancreas  yields  a  substance  to  the  juices  of  the  body 
which  enables  them  to  destroy  the  glucose,  which  power  is  lost  after 
destruction  of  this  gland.  Likewise,  an  explanation  cannot  be  given  of 
the  increase  in  the  destruction  of  the  albumins,  and  the  attendant  destruc- 
tion of  /5-oxybutyric  acid,  aceto-acetic  acid,  and  acetone.  As  these  sub- 
stances are  not  always  found  in  artificially  produced  i)ancreatic  diabetes 
(Minkowski),  it  would  apjjear  that  they  have  no  direct  connection  with 
the  excretion  of  sugar,  but  should  be  considered  rather  as  constituting  a 
complication  of  diabetes.  They  may  also  accompany  other  diseases 
(poisonings,  carcinoma,  derangements  of  digestion),  and  are  not  always 
to  be  found  in  cases  of  diabetes. 

The  development  of  diabetes  after  the  total  extirpation  of  the  pancreas  furnishes 
evidence  that  the  pancreas  has  an  especial  function  which  is  of  the  greatest  importanoe 
in  the  normal  consumption  of  sugar  in  the  organism.  Lupine  is  of  the  opinion  that 
there  is  in  the  blood  a  glycolytic  ferment  which  is  derived  directly  from  the  pancreas, 
and  that,  in  diabetic  patients  and  in  dogs  from  whom  the  pancreas  has  been  removed, 
the  cause  of  the  mellitnria  is  to  be  sought  in  a  decrease  in  the  amount  of  this  ferment. 
According  to  Minkowski,  Lepine's  experiments  are  not  sufficient  for  the  support  of  this 
theory.  A  satisfactory  explanation  of  the  genesis  of  pancreatic  diabetes  cannot  be  given 
at  the  present  time. 

If  we  remove  only  a  part  of  the  pancreas  of  a  dog,  no  diabetes  occm's,  or  at  least  the 
separation  of  sugar  is  much  less  than  after  total  extirpation  of  the  organ  (Minkowski). 
In  dogs  under  whose  skin  a  portion  of  the  pancreas  has  been  ingi-afted  diabetes  is  not 
produced,  even  when  the  gland  has  been  completely  extirpated  (^Minkowski.  H^don)  ; 
it  recurs,  however,  as  soon  as  the  implanted  portion  is  removed. 

According  to  Minkowski,  there  is  no  direct  relation  between  the  secretory  functions 
of  the  pancreas  and  those  which  aid  in  the  assimilation  of  sugar. 

According  to  von  Mering  and  Minkowski,  poisoning  by  phloridzin  produces  in  man 
and  in  mostanimals  a  marked  glycosuria,  and  symptoms  similar  to  those  seen  in  diabetes 
may  be  produced  by  a  continuous  administration  of  the  poison.  Since  the  cause  of  the 
pathological  excretion  of  sugar  lies  in  the  kidney  and  thus  represents  a  washing  out  of 
the  sugars  from  the  organism,  the  phloridzin  diabetes  cannot  be  identified  with  the  ordi- 
nary diabetes — that  is,  the  pancreatic  diabetes  as  found  in  man.  In  dogs  in  which 
diabetes  has  been  produced  by  extirpation  of  the  pancreas,  phloridzin  produces  an  in- 
crease in  the  amount  of  sugar  excreted  (Minkowski). 

.  g  23.  Cachexia  thyreopriva  is  a  peculiar  disease  which  is  produced 
hy  the  decrease  or  suspenskni  of  the  function  of  the  thyroid  gland,  these 
conditions  resulting  either  from  defective  development  or  from  patho- 
logical changes  in  the  gland.  To  Kocher  belongs  the  honor  of  having 
discovered  the  cause  of  this  disease,  he  having  observed  that  it  fol- 
lowed the  total  extirpation  of  the  thyroid  gland.  Numerous  clinical 
observations  and  experimental  researches  which  followed  this  dis- 
covery have  confirmed  the  fact  that  the  presence  of  thyroid  tissue  is 
necessary  for  the  maintenance  of  the  integrity  of  the  organism,  and 
that  the  body,  especially  during  its  growth,  requires  a  thyroid  gland 
capable  of  performing  its  functions  in  a  normal  manner.  Probably  this 
gland  produces  a  substance  (thyroiodine)  that  serves  a  useful  purpose 
in  the  metabolism  of  the  body ;  it  is  also  possible  that  it  changes  or 
destroys  deleterious  substances  circulating  in  the  blood. 

According  to  experimental  and  clinical  observations,  the  total  extir- 
pation of  the  thyroid  gland  produces  in  man,  as  well  as  in  animals, 
after  a  very  short  time,  severe  morbid  symptoms,  which  are  character- 
ized bj^  the  appearance  of  convulsions  and  cramps,  and  finally  by  palsies 
of  the  muscles,  so  that  the  condition  has  been  called  thyreoprival  tet= 
any.  Young  animals  and  the  Carnivora  are  especially  sensitive,  and 
dogs  die  mostly  in  a  short  time  after  the  total  extirpation  of  the  thyroid. 
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If  the  loss  of  tlie  tissues  of  this  gland  is  borne  fairly  well  at  first,  as 
occurs  in  huiuan  subjects,  then  after  the  lapse  of  months,  or  jDerhaps 
even  of  years,  peculiar  disturbances  of  nutrition  begin  to  show  them- 
selves. At  first  these  consist  of  a  feeling  of  weakness  and  heaviness  in 
the  limbs,  sensations  of  cold,  often  accompanied  b}'  pains  and  transient 
swellings  of  the  limbs,  and  decreased  mental  activity;  then,  later,  a 
cachexia,  accompanied  by  anaemia,  mani- 
fests itself,  and  at  the  same  time  pale 
waxy  swellings  of  the  skin,  especially  of 
the  face  (Fig.  o)  aijpe^r,  and  there  is  a 
noticeable  diminution  of  mental  power, 
together  with  a  decrease  in  muscular 
power;  and,  finally,  the  termination  of 
these  conditions  is  apt  to  be  death.  The 
removal  of  the  thyroid  gland  in  childhood 
produces  disturbances  in  develoj^ment, 
and  may  j)revent  either  entirely  or  par- 
tially the  growth  of  the  bones  in  their 
longitudinal  axes  (Fig.  o).  Animals  (rab- 
bits, goats)  that  have  had  their  thyroid 
gland  removed  early  in  life  fail  to  attain 
their  full  growth  and  acquire  a  stupid 
look. 

In  thyreoprival  tetany  the  body -tem- 
perature is  raised;  in  thyreoprival  ca- 
chexia it  is  lowered. 

Pathological  functional  changes,  as 
well  as  total  extirpation  of  the  thyroid, 
may  produce  pathological  conditions  of 
the  body,  and  both  experimental  and 
clinical  olDservations  tend  to  show  that 
myxoedema  (Ord)  is  a  disease  (Fig.  6) 
which  is  especially  dependent  upon 
changes  in  the  thyroid  gland.  Myxoe- 
dema is  a  condition  in  which  the  external 
appearance  of  the  patient  reminds  one  of 
the  thyreoprival  cachexia;  there  is  the 
same  peculiarh^  pale  elastic  swelling  of 
the  facial  skin  (Fig.  6),  which  does  not 
yield  to  the  pressure  of  the  finger,  and 
which  may  also  be  accompanied  by  simi- 
lar pale  and  dry  swellings  in  other  parts 
of  the  body.  Later  on,  there  is  a  de- 
crease in  intellectual  power,  which  shows  itself  in  an  increasing  difii- 
culty  in  thinking  and  acting,  also  in  dulness  of  tactile  sensation,  in 
retardation  of  muscular  reaction,  and  in  the  monotonous,  nasal  charac- 
ter of  tlie  voice.  Finally,  marked  general  weakness  and  often  symptoms 
of  actual  mental  derangement  appear,  and  the  fatal  termination  occurs 
under  manifestations  of  increasing  cachexia,  amemia,  and  coma. 

So  far  as  may  be  judged  from  the  clinical  and  anatomical  facts  ob- 
served in  patients  affected  with  this  disease,  it  is  highly  probable  that 
cretinism  (Fig.  8),  or  rather  the  alterations  in  the  structure  and  func- 
tions of  the  body  which  characterize  this  disease,  is  also  dependent 
upon  disturbances  of  the  functions  of  the  thyroid  gland.     Thus  we  know 


Fig.  5.— Thyreoprival  cachexia,  with  a 
disturbance  of  the  bodily  and  mental 
growth  such  as  is  obsen"ed  in  cretins.  Age 
of  patient,  twenty-eight  years  ;  length  of 
body,  127  cm.  This  condition  developed 
after  the  complete  extirpation  of  the  thy- 
roid gland  in  the  patient's  tenth  year. 
I  Consult  Grundier :  "Zur  Kachexia  Stni- 
mipriva,  Mittheil.  a.  d.  chir.  Klin,  zu 
Tübingen,"  i.,  1884.) 
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that  in  cretinism  there  is  alwa^^s  degeneration  of  the  thyroid  gland, 
which  may  manifest  itself  in  an  enlargement  of  the  organ,  together  with 
a  certain  amount  of  alteration  of  its  structure  (goitre) ,  or  in  a  contracted 
and  atrophied  condition  of  the  gland.  The  fact  should  also  be  stated 
that  cretins  (Fig.  8)  in  their  general  aspect  remind  one  of  those  indi- 
viduals whose  growth  has  been  stunted  through  a  thyroidectomy  (Fig. 
5)  having  been  performed  upon  them  during  childhood.  The  longitu- 
dinal growth  of  the  hollow  bones  is  more  or  less  imperfect,  while  the 
soft  parts  are  relatively  well  developed.  The  different  portions  of  the 
body  are  unequally  developed.  The  head,  for  example,  is  relatively 
large ;  the  abdomen  and  neck  are  thick ;  the  root  of  the  nose  is  depressed, 
while  the  nose  itself  is  broad  and  stumi^y;  the  skin,  especially  of  the 


1 


Fig.   6.— Myxoedema   (case  obsen^ed  by  Meltzer).  Fig.  7.— Myxoedema.    The  same  individual  (Fig.. 


Age  of  patient,  thirty-seven  years. 


6)  three  months  after  the  pulverized  thyroid  gland 
of  the  sheep  had  been  regularly  administered. 


face,  is  pale,  flabby,  wrinkled,  and  puffy,  as  if  oedematously  swollen. 
The  mental  faculties  are  always  feeble,  sometimes  markedly  so.  The 
power  of  speech  and  of  understanding  words  may  be  entirely  absent; 
and  only  those  persons  in  whom  cretinism  is  but  slightly  marked  are 
capable  of  performing  work  of  any  kind. 

Since  cretinism  appears  to  be  an  endemic  disease  in  certain  regions, 
it  is  reasonable  to  suppose  that  an  unknow^n  local  miasm,  probably  taken 
into  the  system  in  the  drinking-water,  acts  in  such  a  manner  to  cause  de- 
generation of  the  thyroid  gland  during  the  time  of  bodily  development, 
and  injures  the  entire  organism  by  disturbing  the  function  of  this  gland. 
We  have,  then,  a  miasm  the  action  of  which  produces  the  same  effects 
as  an  operative  removal  of  the  gland ;  and  since  we  call  this  action  epi- 
demic cretinism,  we  might  also  term  cachexia  thyreopriva  operative  a^et- 
inism.  In  addition,  we  might  add  myxoedema  to  the  cretinisms,  and 
term  it  a  sporadic  form,  in  contrast  to  the  epidemic. 

The  gi'eat  importance  of  the  thyroid  gland  for  the  nutrition  of  the  body,  the  cerebral 
functions,  and  the  growth  of  bones  can  no  longer  be  doubted,  after  the  numerous  clinical 
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observations  and  experimental  researches  which  have  been  made.  Regarding  the  mode 
of  action  of  the  thyroid  gland  there  are,  however,  many  opinions.  If  an  animal,  after 
its  thyroid  gland  has  been  extirpated,  is  fed  with  that  belonging  to  some  other  animal, 
— say,  for  instance,  the  sheep, — the  injurious  effects  which  usually  are  observed  after  a 
thyreoidectomy  will  fail  to  appear,  or,  at  all  events,  they  will  not  appear  until  we  stop 
feeding  the  animal  with  thyroid-gland  substance.  In  the  human  being  the  systematic 
administration  of  thyroid-gland  tissues,  either  in  a  fresh  state  or  in  that  of  an  extract, 
exerts  a  curative  influence  upon  thyreoprival  cachexia  and  myxoedema  (see  Fig.  7)  ;  and, 
furthermore,  reports  have  been  published  which  show  that  favorable  results  may  also  be 
expected  from  a  similar  treatment  of  children  who  are  suffering  from  cretinistic  dis- 
orders of  bodily  and  mental  growth.  Goitres  (i.e.,  enlarged  and  hypertrophied  thyroid 
glands)  which  have  not  yet  undergone  some  form  of  secondary  degeneration,  often 
diminish  greatly  in  size  under  the  systematic  administration  of  thyroid-gland  tissues 
throughout  a  period  of  several  weeks.  In  fact,  the  diminution  in  size  begins  to  show 
itself  already  at  the  end  of  a  few  days. 

According  to  Lanz,  the  extirpation  of  the  thyroid  gland  in  hens  causes  the  eggs 
which  they  lay  to  diminish  in  size.      On  the  other 
hand,  the  latter  will  be  increased  in  size  if  the  hens 
are  fed  with  thyroid-gland  substance. 

According  to  the  investigations  of  Baumann  the 
thyroid  gland  always  contains  a  certain  element  in 
combination  with  iodine,  viz.,  thyroiodine  or  iodo> 
thyrin.  This  substance  is  present  in  the  largest 
quantity  in  individuals  who  are  advanced  in  years, 
and  in  the  smallest  quantity  in  quite  young  children, 
lodothyrin  is  generally  combined,  in  the  thyroid 
gland,  with  an  albuminous  substance  and  with  one 
containing  globulin,  but  it  is  also  occasionally  found 
in  this  gland  in  an  uncombined  form.  A  healthy 
thyroid  gland  is  able  to  store  up  in  its  tissues  the  ex- 
tremely small  quantities  of  iodine  which  are  ingested 
with  certain  articles  of  vegetable  food  or  with  the 
drinking-water,  and  then  to  convert  them  into  the 
combination  mentioned  above.  When  preparations 
of  iodine  are  administered  internally  or  when  a  wound 
is  treated  with  some  form  of  the  remedy,  a  more  con- 
siderable quantity  of  iodine  is  likely  to  accumulate  in 
the  thyroid  gland. 

Baumann  maintains  that  iodothyrin  is  the  ele- 
ment of  chief  efl&cacy  in  the  composition  of  this  gland. 
Its  employment  in  the  treatment  of  goitres,  myxoe- 
dema, strumiprival  cachexia,  etc.,  produces  precisely 
the  same  effects  as  those  which  are  obtained  from 
the  administration  of  fresh  thyroid-gland  tissues. 

According  to  the  investigations  of  the  same  au- 
thority it  may  be  assumed  that  the  living  organism 
requires  iodine  for  its  proper  maintenance,  and  that 
the  thyroid  gland  provides  the  needed  combination  of 
iodine  in  whatever  quantity  may  be  required.  In  regions  where  goitres  are  not  encoun- 
tered (North  Germany,  for  instance)  the  thyroid  glands  are,  on  the  average,  much 
smaller  (from  30  to  40  gm.)  than  they  are  in  regions  where  tlie  disease  prevails  (e.g., 
in  Switzerland  and  in  South  Germany),  but  at  the  same  time  they  contain  more  iodine 
(i.e.,  on  the  average,  about  3^-  instead  of  2  mgm.).  Whether  the  absence  of  a  sufficient 
amount  of  iodine  from  the  food  and  from  the  drinking-water  is  the  cause  of  the  hyper- 
trophied condition  of  the  thyroid  gland  which  is  observed  in  cases  of  goitre,  or  whether 
this  condition  is  the  outcome  of  an  injury,  or  whetlier,  finally,  some  of  the  forms  of  the 
lower  organisms  are  perhaps  able  to  interfere  with  the  specific  function  of  the  thyroid 
gland,  are  all  questions  which  it  is  impossible  at  the  present  time  to  answer.  Among 
the  domestic  animals,  those  which  have  a  large  quantity  of  iodine  in  their  thyroid 
glands  are  the  sheep,  the  cow,  and  the  calf,  whereas  the  quantity  found  in  the  thyroid 
gland  of  the  hog  is  small. 

Anatomical  investigations  fail  to  throw  any  certain  light  upon  the  question  of  the 
internal  secretion  of  the  thyroid  gland.  It  has  been  proved  that  the  colloid  material 
produced  by  the  cells  of  the  gland  passes  on  into  the  lymph  vessels.  It  is  probable  that 
iodothyrin  is  contained  in  this  colloid  substance.  According  toBruns  we  may  attribute 
the  diminution  in  size  which  takes  place  in  a  goitre  after  thyroid-gland  substance  or 
thyroiodine  has  been  regularly  administered,  to  the  fact  that  in  the  hypertrophied  gland 


Fig.  8.— a  female  cretin,  twenty-one 
years  of  age  (from  Virchow).  Length 
of  body,  84  cm.;  length  of  arm,  30  cm.; 
circumference  of  skull,  52  cm. 
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tissue  of  these  goitres,  which  contains  numerous  follicles, — some  of  them  having  no  col- 
loid material  in  them,  others  only  a  little  of  it,  and  still  others  being  imperfectly  de- 
veloped,— there  are  two  different  kinds  of  phenomena  going  on  at  the  same  time  :  on  the 
€ne  hand,  an  increase  in  the  secretion  of  colloid  takes  place  in  the  well-developed  fol- 
licles, and  the  material  thus  formed  is  conveyed  in  abundance  into  the  lymph-vessels; 
whereas,  on  the  other,  processes  of  atrophy  and  decay  are  at  work  in  the  less  perfectly 
developed  follicles.  After  the  secretion  of  effective  thyroid-gland  substance  has  been 
going  on  for  some  time,  some  of  the  secreting  follicles  begin  to  undergo  atrophy. 

The  investigations  of  Rogowitsch,  Stieda,  and  Hofmeister  show  that  the  extirpation 
of  the  thyroid  gland  in  rabbits  causes  an  enlargement  and  a  peculiar  transformation  of 
the  hypophysis.  • 

It  is  possible  that  Basedow's  disease,  whicji  is  characterized  by  a  pulsating  and 
highly  vascular  swelling  of  the  thyroid  gland,  by  projection  of  the  eyeballs  from  their 
sockets,  by  accelerated  heart  action,  and  by  a  certain  degree  of  excitability  on  the 
part  of  the  patient,  has  some  sort  of  relationship  with  a  diseased  condition  of  the  thyroid 
gland — viz.,  with  that  of  hypersecretion  (hyperthyreosis) ;  and  in  confirmation  of  this 
hypothesis  it  may  be  stated  that  the  thyroid  glands  thus  affected  are  noticeably  rich  in 
actively  secreting  gland  tissue.  However,  it  is  not  possible  to  furnish  any  convincing 
proofs  in  regard  to  the  point  in  question. 

§  24.  Addison's  disease  is  a  peculiar  affection  which  ends  in  death 
after  a  course,  on  an  average,  of  two  years,  and  which  probably  is  pro- 
duced by  some  cdteration  of  function  in  the  supmrenrd.  co.psides.  Its  most 
noticeable  characteristic  is  the  appearance  of  a  light-yellow-brown  to 
dark-brown,  diffuse,  and  spotted  pigmentation  of  the  skin,  which  first 
shows  itself  in  exposed  portions  of  the  skin,  as  well  as  on  the ,  areas 
usually  pigmented,  then  on  the  remaining  superficial  portions  and  on 
the  mucous  membranes  of  the  mouth  (melasma  suprarenale) .  Already, 
before  the  recognizable  beginning  of  the  disease  or  before  the  pigmenta- 
tion of  the  skin,  there  occur  loss  of  appetite,  nausea,  paio  in  the  epigas- 
trium, diarrhoea,  and  constipation — all  of  them  symptoms  of  disturbance 
of  the  gastric  and  intestinal  functions.  Then,  later,  these  are  followed 
by  muscular  weakness,  and  finally  also  by  manifestations  on  the  part  of 
the  nervous  system,  such  as  asthenia,  fatigue  on  slight  exertion,  head- 
ache, dizziness,  faintings,  epileptic  seizures,  and  a  comatose  condition. 
At  times  a  recognizable  increase  in  the  amount  of  pigment  deposited  in 
the  skin  is  also  lacking,  the  disease  in  these  cases  being  characterized 
only  by  the  symptoms  which  are  due  to  gastro-intestinal  irritation,  and 
by  progressive  weakness  and  anaemia. 

According  to  the  comprehensive  statistics  compiled  by  Lewin,  altera- 
tions of  the  suprarenal  capsules  are  found  in  about  eighty  per  cent  of  all 
typical  cases  of  Addison's  disease.  Most  frequently  these  organs  are 
found  to  be  changed  into  a  caseous  or  a  partly  cheesy  and  partly  fibrous 
mass.  Other  lesions  which  might  be  called  characteristic  of  Addison's 
disease  are  wanting.  It  can  hardly  be  doubted  that  the  disease  of  the 
suprarenal  capsules  holds  a  causal  relation  to  this  particular  disease,  so 
that  one  may  describe  it  as  a  suprarenal  cachexia.  In  what  manner, 
however,  the  complete  loss  of  the  function  of  the  suprarenal  capsules, 
or  simply  some  modification  of  their  power,  produces  the  injury  to  the 
organism,  cannot  be  explained  at  present.  It  is  not  improbable  that  the 
suprarenal  capsules  produce,  in  a  manner  similar  to  that  which  has  been 
observed  in  the  case  of  the  thyroid  gland,  a  substance  which  is  necessary 
to  the  organism.  Possibly  poisonous  substances  are  also  destroyed  by 
the  action  of  the  suprarenal  capsules. 

The  literature  of  Addison's  disease  is  unusually  rich,  but,  nevertheless,  the  very 
numerous  clinical  and  experimental  observations  have  failed  to  make  clear  the  genesis 
of  the  disease  and  the  precise  importance  attaching  to  the  suprarenal  capsules  in  the 
human  and  animal  organisms.     At  the  same  time  it  may  be  confidently  assumed  that  a 
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normal  functional  activity  of  the  suprarenal  capsules  is  essential  to  the  integrity  of  the 
organism — an  hypothesis  which  is  necessitated  not  only  by  the  results  of  clinical  observa- 
tion and  by  post-mortem  examinations  upon  human  beings,  but  also  by  the  results  of  ex- 
perimentation. Thus,  for  example,  the  extirpation  of  the  suprarenal  capsules  in  dogs, 
rabbits,  cats,  and  guinea-pigs  causes  a  diminution  in  the  tension  of  the  vascular  system, 
muscular  weakness,  nervous  manifesta,tions,  paralyses,  coma,  and  also — if  life  is  pro- 
longed for  a  sufficient  length  of  time — a  falling-off  in  the  vital  pow^ers.  Tizzoni  men- 
tions also,  as  an  additional  result,  abnormal  pigmentation  of  the  mucous  membrane  of  the 
mouth.  When  an  extract  of  supareual  capsules  is  administered  regularly  to  experi- 
mental animals,  an  increase  in  the  blood-pressure  takes  place,  the  pulse-rate  becomes 
slower,  the  muscular  contractions  which  result  from  the  irritation  of  a  nerve  grow 
stronger,  and  the  movements  of  respiration  become  less  marked.  Some  authorities  (e.g., 
Scymonowicz)  attribute  the  increase  in  the  blood-pressure  to  the  effects  of  the  extract 
upon  the  vaso-motor  centre,  while  others  (e.g.,  Schäfer)  refer  it  to  the  effects  of  the  same 
extract  upon  the  walls  of  the  arteries.  Inasnntch  as  the  suprarenal  capsules  are  not  ana- 
tomically altered  in  all  cases  of  Addison's  disease,  many  have  been  disposed  to  maintain 
that  the  disease  is  dependent  upon  some  other  local  pathological  alterations,  as,  for  ex- 
ample, upon  abnormal  conditions  of  the  sympathetic  nerve  and  its  ganglia.  The  con- 
ditions found  thus  far,  however,  scarcely  furnish  a  satisfactory  explanation  of  the  disease. 
The  fact  that  in  a  small  minority  of  the  cases  the  suprarenal  capsules  have  appeared  to  be 
unaltered,  cannot  be  accepted — even  if  it  is  conceded  that  a  correct  diagnosis  w^as  made 
in  every  one  of  these  cases  (a  thing  not  likely  to  be  true) — as  valid  evidence  against  the 
pathogenic  significance  of  degeneration  of  these  glands,  inasmuch  as  an  apparently  nor- 
mal suprarenal  capsule  may  not  have  performed  its  functions  in  a  normal  manner. 

Inflammatory  and  degenerative  changes  in  the  semilunar  ganglia  and  in  other  parts 
of  the  sympathetic  system,  and  also  in  the  intervertebral  ganglia,  have  been  found  fre- 
quently in  Addison's  disease,  and  have  been  described  by  a  number  of  writers.  They 
can  be  explained  upon  the  hypothesis  of  an  extension  of  the  inflammation  and  degenera- 
tion from  the  suprarenal  capsules  to  these  points.  To  conclude  from  this  that  Addison's 
disease  is  dependent  upon  a  lesion  of  the  sympathetic  nerves,  and  not  of  the  suprarenal 
capsules,  is  not  sufficiently  well  fotmded,  since  the  suprarenal  pathological  alterations 
are  constant,  while  those  of  the  nerves  have  been  found  in  only  a  few  cases. 

Manasse  found,  in  preparations  that  were  removed  and  placed  in  a  chromic-acid 
solution  while  they  were  still  at  the  normal  blood-temperature,  that  the  cells  of  the 
suprarenal  capsules  are  in  most  intimate  relation  with  the  veins,  reaching  out  into  their 
lumen,  and  that  in  the  vessels,  but  especially  in  the  veins,  a  peculiar  hyaline  substance 
is  foimd,  which  by  the  chromic-acid  solution  is  colored  browai,  in  much  the  same  manner 
as  are  the  surrotmding  parenchyma-cells.  It  is  therefore  possible  that  from  these  cells 
a  peculiar  substance  is  furnished  to  the  blood.  It  should  be  stated,  furthermore,  that  this 
substance  is  also  found  in  arteries.     It  cannot  be  demonstrated  in  alcoholic  preparations. 

In  the  same  category  with  the  pathological  conditions  which  result  from  the  with- 
drawal of  a  glandular  function  are  to  be  classed  the  abnormal  symptoms  in  the  growth 
and  functions  of  the  body  which  are  produced  by  castration — i.e.,  the  removal  of  the 
sexual  glands.  If  the  ovaries  are  removed  from  a  woman  after  puberty  menstruation 
usually  ceases  at  once,  although  in  rare  cases  it  may  continue  for  some  time.  Sexual 
desire  and  the  erethism  accompanying  the  ctilmination  of  the  sexual  act  usually  dimin- 
ish in  intensity,  but  in  some  instances  they  persist  without  noticeable  diminution. 
Retrograde  changes  take  place  in  the  rest  of  the  genital  apparatus,  and  more  particularly 
in  the  uterus.  Among  the  different  nervous  manifestations  which  are  observed  in  some 
cases,  the  commonest  are  wave-like  sensations,  coupled  with  reddening  and  heat  of  the 
skin,  especially  of  the  face,  and  with  outbreaks  of  perspiration ;  all  of  which  manifesta- 
tions are  particularly  apt  to  occur  during  the  period  immediately  following  the  castra- 
tion. So  far  as  the  patient's  spirits  are  concerned  they  often  remain  unchanged  or  may 
even  grow  more  cheerful,  especially  if  the  castration  puts  an  end  to  the  severe  suffering 
which  previously  existed.  Now  and  then  the  patient  shows  some  depression  of  spirits 
or  even  melancholia.  If  the  ovaries  are  removed  or  destroyed  in  childhood  the  growth 
of  the  body  approaches  that  of  the  male  ;  the  muscles  are  strongly  developed,  the  changes 
in  the  pelvis  do  not  take  place,  and  the  development  of  the  breasts  ceases. 

Castration  in  a  man  produces  no  marked  change  in  the  development  of  the  body. 
If,  on  the  contrary,  boys  are  castrated  the  development  of  the  body  simttlates  in  many 
respects  that  of  woman.  An  increased  amount  of  fat  is  stored  up.  especially  on  the 
abdomen,  while  the  muscular  structure  is  only  feebly  developed.  The  external  genitalia 
remain  small,  the  prostate  gland  is  not  of  ftill  size,  and  there  is  no  development  of 
either  beard  or  pubic  hair.  The  larynx  remains  small,  and  the  voice  is  childlike.  The 
mental  pow^ers  are  devoid  of  strength  or  energy. 

In  castrated  stags  the  antlers  are  not  developed  ;  in  cocks  the  gi'owth  of  the  comb  is 
arrested. 
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According  to  White,  Kirby,  Kümmel,  Bruns,  and  others,  the  operation  of  castration, 
when  performed  upon  fully  grown  animals,  produces  a  diminution  of  the  prostate  gland ; 
and  also,  in  old  men  who  suffer  from  hypertrophy  of  the  prostate,  a  diminution  in  the 
size  of  the  enlarged  gland  may  be  expected  to  result  from  the  operation.  Other  authori- 
ties (e.g.,  Czerny  and  Socin)  express  a  less  favorable  opinion  in  regard  to  the  beneficial 
effects  of  the  operation  in  cases  of  enlarged  prostate. 

How  the  extirpation  of  the  sexual  glands  affects  the  entire  body  has  not  been  deter- 
mined with  certainty.  It  is  generally  supposed  that,  by  means  of  this  operation,  the 
trophic  influence  which  is  exerted  upon  the  tissues  by  the  sexual  glands,  through  the 
nervous  system,  is  withdrawn.  The  cessation  of  the  menses  may  indeed  be  attributed 
to  the  fact  that  certain  nervous  stimuli  have  been  withdrawn,  and  it  is  also  likely  that 
influences  of  the  same  character  are  responsible  for  the  atrophy  of  the  uterus.  In  the 
main,  however,  it  is  more  likely  that  certain  chemical  substances  which  are  formed  in 
the  sexual  glands  exert  an  appreciable  influence  upon  the  functions,  increase  in  size, 
and  development  of  the  body. 

According  to  the  opinion  of  Brown-S^quard,  all  glands  produce  a  peculiar  secretion 
within  themselves,  and  they  contribute  substances  to  the  blood  which  are  useful  to  the 
organism.  He  ascribes  to  the  juice  of  the  generative  glands  a  special,  exciting,  tonic 
influence  upon  the  organism.  According  to  Poehl,  the  active  principle  found  in  these 
glands  is  spermin,  a  base  which  is  present  in  many  glands  (thyroid,  pancreas,  ovaries, 
spleen),  and  which,  through  its  catalytic  action,  is  able  to  restore  the  oxidizing  power 
of  the  blood,  whenever,  through  any  cause,  it  becomes  reduced  below  the  normal,  and 
to  promote  the  so-called  intra-organic  oxidation. 

Zoth  and  Pregl,  who  have  carried  out  experiments  in  regard  to  the  effects  of  a  glyc- 
erin extract  of  the  testicles  of  animals,  report  thac  injections  of  this  extract  increase 
very  materially  the  power  of  muscular  contractions. 


IV.  Fever  and  its  Significance. 

§  25.  When  disease  of  an  organ  assumes  a  constitutional  character, 
or  when  a  disease  manifests  this  character  from  the  xery  beginning, 
there  is  seen  very  frequently  a  peculiar  combination  of  symptoms  which 
is  called  fever.  It  is  particularly  in  the  infectious  diseases  which  run 
their  course  with  toxic  symptoms  that  fever  plays  an  active  jysiit.  The 
characteristic  mark  of  fever  is  the  increase  of  bodily  temperature;  yet 
other  symptoms  usually  accompany  it,  as,  for  example,  increased  fre- 
quency of  the  pulse,  disturbances  in  the  distribution  of  the  blood,  and  al- 
terations in  the  interchange  of  gases  in  the  lungs  and  in  the  excretion  of 
urine.  There  is  usually  also  a  subjective  feeling  of  being  ill;  and  yet 
it  does  not  form  a  necessary  part  of  the  symptomatology^  of  fever,  but 
is  rather  the  special  effect  of  the  infection  when  associated  with  symp- 
toms of  poisoning;  the  infection  occurring  either  at  the  same  time 
with  the  feverish  increase  of  temperature,  or  a  little  before  it,  or  even 
after  it. 

The  study  of  the  healthy  individual  teaches  us  that,  in  spite  of 
changes  in  the  surrounding  temperature  and  in  the  external  conditions, 
the  bodily  temperature  maintains  a  mean  height  of  37.2-37.4°  C.  (98.8- 
99.3°  F.).  The  normal  variation  in  thermal  condition  between  morning 
and  evening  is  1.0-1.5°  C.  (1.8-2.7°  F.),  the  evening  temperature  being 
the  higher  of  the  two. 

The  raising  of  the  temperature  of  the  body  above  that  of  its  sur- 
roundings is  produced  by  chemical  changes  occurring  in  the  organism, 
especially  in  the  muscles  and  glands ;  so  energetic,  indeed,  may  be  this 
process  that  a  rise  of  1°  C.  (1.8°  F.)  may  be  obtained  within  half  an 
hour.  This  phenomenon  of  heat-production  stands  in  contrast  to  that 
of  heat-dissipation,  the  latter  taking  place  especially  through  the  skin, 
the  lungs,  and  the  excreta.  Both  processes — heat-production  and  heat- 
dissipation — are  governed  by  the  nervous  system,  and  it  is  such  regula- 
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tion  of  both  phenomena  that  makes  possible  the  normal  constancy  of 
body  temperature. 

On  exposure  to  low  temperatures  the  bodily  heat-i^roduction  is  in- 
creased (essentially  by  the  action  of  the  muscles),  while  heat-dispersion 
is  hindered  by  contraction  of  the  cutaneous  blood-vessels  and  by  the 
inhibition  of  sweat-production. 

On  exposure  to  high  temperatures  the  heat-dissipation  is  augmented 
by  an  increase  in  the  frequency  of  respiration,  by  dilatation  of  the 
cutaneous  arteries,  and  by  an  increase  in  the  sweat-excretion. 

In  those  conditions  which  we  call  fever  the  proper  balance  hetween 
the  production  and  the  dissipation  of  heat  is  disturbed,  the  former  being 
excessive ;  and  as  a  result  the  temperature  of  the  body  becomes  more  or  less 
elevated  above  the  normal  (Figs.  9,  10,  and  11).  Elevations  of  tempera- 
ture (taken  in  the  rectum)  to  38°  C.  (100.4°  F.)  are  called  hypernormal; 
from  38"  to  38.5°  C.  (100.4°  to  101.3°  F.),  slightly  febrile  ;  from  38.5°  to 
39.5°  C.  (101.3°  to  103.1°  F.),  moderately  febrile;  from  39.5°  to  40.5°  C. 
(103.1°  to  104.9°  F.),  markedly  febrile ;  over  40.5°  C.  (104.9°  F.)  (even- 


Fig.  9.— Temperature-curve  in  a  continued  remittent  fever,  vs^ith  a  slowly  increasing  and  a  very  gradually 
decreasing  temperature  (typhoid  fever). 

ing),  highly  febrile ;  while  any  temperature  over  41°  C.  (105.8°  F.)  is 
called  hyperpyretic. 

Four  periods  may  be  distinguished  in  fevers.  The  first,  called  the 
pyrogenetic  or  initial  stage,  or  stadium  incrementi,  comprises  the  time 
during  which  the  previously  normal  temperature  reaches  the  character- 
istic height  of  the  particular  disease.  This  period  is  sometimes  short — 
from  half  an  hour  to  two  hours  in  duration  (Fig.  10) — and  is  then  gene- 
rally accompanied  by  a  chill ;  sometimes  it  is  longer  (Fig.  9),  extending 
over  one  or  more  days,  and  is  then  usually  unaccompanied  by  a  chill, 
but  in  some  cases  there  may  be  repeated  chills. 

The  second  period  is  called  the  fastigium,  or  the  acme  of  the  dis- 
ease ;  its  duration  is  very  variable,  according  to  the  disease,  and  may 
be  from  a  few  hours  to  many  weeks.  The  temperature  reaches  one  or 
more  acme-lihe  crisis-points,  between  which  are  found  more  or  less  marked 
remissions. 

In  the  period  of  decrease  or  defervescence,  or  stadium  decrementi, 
the  temperature  sinks  again  to  normal.  If  this  occurs  rapidly,  by  a 
sudden  decrease  in  the  temperature  (Fig.  10),  it  is  called  crisis;  if  it 
occurs  gradually  (Fig.  9)  it  is  termed  lysis.  The  former  is  usually 
accompanied  by  profuse  sweating,  and  in  a  few  hours,  or  at  most  in  one 
day  or  a  day  and  a  half,  the  temperature  sinks  two  or  three  degrees,  or 
even,  under  exceptional  circumstances,  five  or  six  degrees  (Centigrade).' 


Nine  or  ten  degrees  Fahrenheit. — Translator. 
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In  lysis  the  temperature  falls  gradually  in  from  three  to  four  or  more 
days,  and  may  be  either  continuous  or  intermittent. 

The  boundary -line  between  the  acme  of  the  disease  and  deferves- 
cence is  not  always  sharply  defined,  and  before  the  latter  sets  in  defini- 
tively, increases  in  temperature  may  occur;  this  i:)heDomenon  is  called 
the  critical  change,  or  perturbatio  critica.  If  between  the  fastigium 
and  defervescence  there  are  days  of  uncertainty,  with  occasional  changes 
in  temperature  downward  and  upward,  we  have  what  is  called  the  am= 
phibolous  stage.  Sometimes  there  is  observed  a  short  period  during 
wdiich,  while  the  temi:)erature  is  somewhat  lowered,  it  yet  remains  con- 
stantly above  the  normal ;  but  after  a  few  days  it  sinks  either  rax)idly, 
or  by  a  gradual  decrease,  to  the  normal. 

In  the  convalescent  period  the  temperature  returns  to  the  normal 
condition.  The  heat-regulating  function  during  this  time,  however, 
is  still  imperfect,  so  that  often  slight  increases  and  not  infrequently  sub- 
normal temperatures  are  observed. 

If  in  the  course  of  a  fever  the  daily  variations  are  small,  so  that  the 
difference  between  the  maximum  and  minimum  is  no  greater  than  under 
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Fig.  10.— Temperature-curve  of  a  continued 
fever,  with  rapid  increase  and  rapid  decline  of  tem- 
perature (pneumonia). 


Fig.  11.— Temperature-curve  of  an  intermittent 
tertain  fever  (malaria). 


normal  conditions,  the  fever  is  called  a  continuous  fever  {f ehr  is  con- 
tinua)  (Fig.  10).  If  the  differences  are  greater  the  fever  is  termed  a 
subcontinuous  fever  {fehris  suhcontinua)  or  a  remittent  fever  (fehris 
remittens)  (Fig.  9),  or  an  intermittent  fever  {fehris  intermittensy(Fig. 
11).  In  the  latter  condition  afebrile  x^eriods  {apyrexia)  alternate  with 
periods  of  high  temperature  {pyrexia),  and  each  ^:>aroa:?/.s???  has  its  pe- 
riod of  greatest  intensity,  or  fastigium,  and  its  defervescence.  In  the 
infectious  disease  called  relapsing  fever  (fehris  recurrens)  there  is  first 
a  continuous  fever,  which  after  a  few  days  falls  suddenly ;  after  about 
one  week  a  second  rise  in  temperature  may  occur,  to  be  followed,  after 
the  expiration  of  another  period  of  apyrexia,  by  a  third  return  of  the 
fever. 

Man}^  diseases — as,  for  example,  typhoid,  pneumonia,  measles,  re- 
lapsing fever,  etc. — are  characterized  by  typical  temperature-curves, 
while  others — like  pleuritis,  endocarditis,  diphtheria,  tuberculosis, 
phlegmon,  etc. — show  no  typical  febrile  course. 

The  elevation  of  the  body=temperature  in  fever  is  dependent,  pri- 
marily, upon  an  increase  in  the  production  oflteat,  and  this  in  turli  is 
due  to  an  increased  activity  in  the  chemical  changes  lohich  ta'ke  p)lcice  in  tlw 
body.  The  respiratory  interchange  of  gases — the  giving  up  of  carbonic 
acid  (Liebermeister,  Ley  den),  and  the  taking  in  of  oxygen  (Zunz,  Fink- 
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ler) — is  increased,  a  proof  that  the  oxidation  processes  and  the  heat-pro- 
duction are  increased.  At  the  same  time  the  excretion  of  nitrogenous 
substances  in  the  urine  (urea,  uric  acid,  Creatinin)  is  increased — on  the 
average,  from  70  to  100  per  cent,  but  under  certain  conditions  to  as  much 
as  threefold.  The  destruction  of  the  albuminoid  substances  in  the  body 
is  also  increased,  and  this  occurs  even  as  early  as  in  the  latent  period  of 
the  fever  (Naunyn) . 

The  second  cause  of  the  increase  in  body -heat  is  the  defective  manner 
in  lohich  heat  is  given  off  by  the  body.  The  incompleteness  of  the  process 
of  heat-dispersion  may — even  in  cases  in  which  the  production  of  heat  is 
no  greater  than  it  is  under  certain  physiological  conditions  (for  example, 
increased  muscular  activity) — bring  about  a  pathological  increase  of  the 
body-temperature. 

When  the  fever  is  at  its  height  the  patient,  as  a  rule,  gives  up  more 
heat  than  does  a  person  who  is  in  health.  This  dissipation  of  heat,  how- 
ever, is  not  sufficiently  rapid  to  offset  the  excess  of  heat  produced  within 
the  body.  Furthermore,  the  excessive  production  goes  on  continuously, 
whereas  the  dissipation  of  heat  is  an  irregular  process. 

In  the  initial  period  the  skin  is  i)ale,  and  the  cutaneous  vessels,  in 
consequence  of  irritation  of  the  vaso-motor  nerves,  are  contracted;  heat- 
dispersion  is  slight,  and,  under  certain  conditions,  may  even  be  less 
than  normal. 

Rigors  occur  in  fever  when,  through  the  contraction  of  the  peripheral 
arteries,  the  amount  of  blood,  and  consequently  the  heat-supply,  fur- 
nished to  the  cutaneous  nerves  is  suddenly  decreased,  whereas  in  the 
interior  of  the  body  the  temperature  is  rising. 

In  the  second  stage  of  the  fever  the  skin  is  frequently  hot  and  red- 
dened, and  in  certain  diseases  sweating  occurs;  the  increased  heat- 
dispersion  occasioned  thereby  is,  however,  not  sufficient  to  reduce  the^ 
temperature  to  normal.  The  increased  irritability  of  the  vaso-motor 
nerves,  or  the  deficient  irritability  of  the  vaso-dilator  nerves  (Heiden- 
hain, Naunyn,  Senator),  is  also  present  during  this  period,  and,  as  a 
result,  the  skin-temperature,  as  well  as  the  heat-dispersion,  varies  con- 
siderably. The  skin  is  at  times  pale  and  cold,  at  other  times  red  and 
hot,  and  the  hands  may  be  cold  while  the  trunk  is  hot.  The  centres 
governing  heat-dispersion  are  therefore  acting  faultily. 

In  the  period  of  defervescence  the  relations  of  heat-dispersion  to  heat- 
production  are  altered,  the  former  being  more  active  than  the  latter. 
The  cutaneous  vessels  become  dilated,  the  skin  gives  out  a  great  amount 
of  heat  from  the  rich  supply  of  blood  circulating  through  it,  and,  when 
the  critical  fall  of  the  fever  occurs,  there  is  usually  profuse  sweating. 

We  do  not  know  certainly  the  cause  of  fever,,  but  we  can  say  this 
much — that  fever  is  generally  the  result  of  the  absorption  of  a  harmful 
agent  into  the  fluids  of  the  body.  In  many  cases  this  harmful  agent  comes 
from  a  demonstrable  local  source — for  instance,  from  a  mass  of  necrosed 
and  broken-down  tissue,  or  from  some  centre  of  erysipelatous  and  phleg- 
monous inflammation  of  the  skin.  Experimentally,  fever  may  be  pro- 
duced by  various  procedures — for  instance,  by  the  infusion,  into  the 
circulation  of  the  animal  experimented  upon,  of  blood  from  another 
species,  by  the  injection  of  vegetable  or  animal  substances  which  have 
begun  to  undergo  decomposition  (Billroth,  Weber) ,  and  by  a  great  va- 
riety of  infections.  In  man  we  may  mention  particularly  the  infectious 
diseases  as  instances  of  a  fever  which  is  produced  by  peculiar  micro- 
parasites  which  multiply  within  the  bodv. 
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It  is  probable  tliat  the  microparasites  multiplying  in  tlie  body  cause 
— sometimes  directly,  and  at  other  times  by  the  production  of  unformed 
ferments — an  increased  retrograde  metamorjjhosis  of  the  tissues,  and 
that  at  the  same  time  substances  are  produced  which  act  as  poisons  upon 
the  nervous  system.  Their  action  may  be  supposed  to  be  of  such  a 
nature  that,  on  the  one  hand,  through  conditions  of  excitability,  the 
activity  of  the  muscles  and  glands  and  consequently  the  heat-producing 
metabolism  is  increased;  while,  on  the  other  hand,  by  the  lessened  and 
disturbed  functions  of  the  nerves  governing  sweating,  as  also  of  the  vaso- 
motor nerves,  the  increase  of  the  heat-dispersion  does  not  keep  pace 
with  that  of  heat-production ;  and,  further,  that  the  organism  makes  an 
effort  to  regulate  the  temperature,  but  is  no  longer  able,  in  consequence 
of  disturbances  in  the  regulating  api)aratus,  to  maintain  it  at  the  normal 
height.  To  what  extent  the  bacteria  and  the  ferments  produced  by  them 
contribute  directly  to  the  elevation  of  the  body-temperature ;  how  far 
this  elevation  is  caused  by  the  increased  metabolism  due  to  irritation  of 
the  nerves,  and,  further,  how^  far  it  is  caused  by  the  disturbance  of  the 
heat-dispersion,  are  questions  which  cannot  be  determined ;  one  thing, 
however,  is  certain — the  causative  factor  is  different  in  different  cases. 
That,  under  certain  conditions,  changes  in  the  nervous  system,  without 
infection  of  the  tissue-juices,  suffice  to  cause  the  production  of  a  feverish 
increase  in  the  temperature  is  shown  by  the  appearance  of  fever  in  epi- 
leptic attacks,  in  the  excitation  periods  that  occur  in  the  course  of  progres- 
sive paralysis,  after  severe  frights,  after  the  i)assage  of  a  catheter  into  the 
bladder,  etc.  According  to  the  researches  made  by  Richet,  Arousohn, 
and  Sachs,  it  is  possible,  in  animals,  by  a  prick  which  passes  through  the 
cerebral  cortex  and  strikes  the  corpus  striatum,  to  produce  marked  eleva- 
tion of  temperature,  with  increase  in  the  respiratory  interchange  of  gases 
and  in  the  excretion  of  nitrogenous  material  ( Aronsohn  and  Sachs) ;  and 
the  same  phenomena  may  also  be  produced  by  electrical  irritation  of  the 
same  portions  of  the  brain.  Nevertheless  fevers  which  are  the  result  of 
neurotic  disturbance  are  seldom  seen,  and  are  overshadowed  in  impor- 
tance by  those  produced  by  different  infections. 

The  rise  of  temperature  in  fever  is  usually  accompanied  by  an  accel= 
eration  of  the  pulse  ;  but  still,  in  some  cases,  the  effect  of  the  elevation 
of  temperature  can  be  so  greatly  modified  by  stimulation  of  the  vagus — as, 
for  instance,  in  basilar  meningitis — that  the  frequency  of  the  pulse  is  di- 
minished. The  pulse  is  at  one  time  full  and  bounding;  at  another, 
through  defective  contraction  of  the  heart,  it  is  weak  and  without  body. 

The  w^eakening  of  the  contractions  of  the  heart-muscle  is  dependent 
partly  on  the  steadily  maintained  high  temperature  and  partly  on  the 
action  of  the  harmful  substances  that  are  produced  by  the  morbid  proc- 
esses which  are  peculiar  to  the  especial  disease,  and  which  exert  an 
injurious  effect  upon  the  muscular  or  the  nervous  system. 

In  feverish  diseases  the  sensation  of  being  ill  is  usually  very  pro- 
nounced, and  the  patient  experiences  a  full  sensation  in  the  head.  In 
a  severe  fever  there  are  present  disturbances  of  consciousness,  symjj- 
toms  of  excitation  and  depression,  hallucinations,  delirium,  general 
apathy,  involuntary  evacuations,  tremor  of  the  hands,  cramps  (in  chil- 
dren), etc.  The  muscles  of  the  body  become  weak,  and  not  infrequently 
they  are  painful.  Digestion  is  decidedly  impaired;  the  appetite  for 
food  is  slight;  the  thirst,  on  the  contrary,  is  increased;  the  mouth  is 
dry.  There  is  increased  frequency  of  respiration,  and  upon  the  appear- 
ance of  muscular  weakness  it  becomes  superficial.     The  excretion  of 
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urine  is  usuallj^  diminislied ;  the  amount  of  urea  in  the  urine  is  in- 
creased, and  that  of  sodium  chloride  is  decreased. 

In  a  long-continued  fever  marked  wasting  of  the  body  is  produced, 
a  large  part  of  the  albuminous  materials  of  the  body  and  of  the  fatty 
tissue  being  destroyed. 

It  is  difficult  to  say  to  what  extent  these  symptoms  in  individual 
cases  depend  upon  the  increased  temperature,  and  to  what  extent  upon 
the  injury  done  to  the  organism  by  the  particular  morbid  process  itself, 
although  most  of  the  nervous  disorders  may  be  looked  upon  as  resulting 
from  the  infection. 

Death  is  commonly  due  to  insufficiency  of  the  heart,  and  yet  it  may 
be  produced  by  the  severity  of  the  infection — i.e.,  by  the  changes  in  the 
bodily  juices,  through  their  action  upon  the  nervous  system;  by  wasting 
of  the  strength ;  and  also  by  an  excessive  elevation  of  the  temperature — 
to  43°,  44°,  and  45°  C.  (109°,  111°,  and  113°  F.).  It  should,  however,  be 
remembered  that,  under  certain  conditions,  very  high  temperatures  may 
be  endured  for  a  long  time  without  producing  death,  and  that  death 
resulting  after  a  very  high  temperature  is  not  always  due  thereto,  but  is 
more  frequently  to  be  looked  upon  as  partly  or  entirely  the  result  of  the 
infection  (compare  §  5). 

The  discussion  concerning  the  nature  of  fevers,  which  Galen  described  as  Calor 
prceter  naturam,  has  within  the  last  few  decades  been  greatly  advanced  by  numerous  ex- 
act clinical  experimental  studies,  and  we  have  learned  from  them  of  the  disturbances  of 
the  metabolic  processes,  of  the  increased  consumption  of  oxygen,  of  the  increased  excre- 
tion of  nitrogenous  and  carbon  compounds,  and  of  the  changes  in  heat-dissipation.  If, 
despite  this,  we  have  not  as  yet  obtained  a  complete  knowledge  of  all  those  morbid  proc- 
esses which,  in  any  given  case,  produce  a  feverish  condition,  we  may  attribute  the 
diJtiiculty  to  the  fact  that  the  efficient  cause  of  fever  is  not  something  uniform,  but  may 
be  any  one  of  several  things,  and  also  to  the  fact  that  the  feverish  increase  of  the  bodily 
temperature  is  not  always  produced  in  exactly  the  same  way.  The  increased  activity  in 
tissue-metamorphosis  and  oxidation  in  the  body  is  not  always  produced  in  the  same 
manner.  Then,  furthermore,  the  disturbance  in  the  heat-dissipation,  through  the 
radiation  from  the  skin  and  through  water-evaporation,  is  not  always  the  same  ;  in  fact 
it  changes  not  only  in  the  course  of  one  febrile  illness,  but  also  in  the  diverse  varieties 
of  fever.  The  part  which  the  nervous  system  takes  in  the  production  of  the  febrile  in- 
crease in  temperatm'e  is  not  the  same  in  every  case.  According  to  Senator,  there  exists 
in  fevers  nc  harmony  between  regulation  of  heat  and  metabolism.  One  must  therefore 
suppose  that*  in  fever  heat  is  produced  by  other  processes  besides  those  which  lead  to 
the  formation  of  urea  and  carbonic  acid.  According  to  Herz,  heat  is  set  free  by  the 
disarrangement  in  the  molecules  of  the  cell  protoplasm — a  change  which  takes  place  in 
many  cells  in  fever  patients,  and  which  leads  to  the  destruction  of  the  protoplasm. 
Heat  may  also  be  set  free  by  the  processes  of  swelling  and  coagulation  which  take  place 
in  the  cell-protoplasm,  while  at  the  same  time  the  diminished  activity  of  the  regenerative 
processes  in  fevers  also  necessitates  a  decrease  in  the  power  to  retain  heat.  Krehl  and 
Matthes,  on  the  other  hand,  maintain  the  doctrine  that  oxidations  are  the  sole  source  of 
the  heat. 

V.  The  Natural  Protective  Mechanisms,  Protective  Forces,  and  Heal= 
ing  Powers  of  the  Human  Organism,  and  their  Action. 

§  26.  The  human  organism  is  not  entirely  defenceless  against  the 
many  harmful  influences  with  which  men  come  in  contact  during  the 
natural  course  of  their  lives ;  it  possesses  various  forms  of  protective 
contrivances  and  protective  forces,  which  are  capable  in  many  in- 
stances of  warding  off  noxious  influences,  or  at  least  of  rapidly  counter- 
acting their  harmful  effects,  so  that  a  disease  is  either  entirely  prevented 
or  shows  itself  only  as  a  slight  lesion,  of  much  less  severity  than  the 
decided  illness  which,  according  to  experience,  can  be  produced  b}'  this 
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particular  injurious  agent.  As  the  kinds  of  harmful  infiuencec  are  nu- 
merous, so  are  the  kinds  of  protection,  and  they  act  at  ver^'  varying 
periods — i.e.,  sometimes  even  before  the  tissues  have  begun  to  be  dam- 
aged ;  sometimes  not  until  such  attack  has  advanced  to  a  certain  degree 
and  has  begun  to  spread  itself,  in  part  by  attacking  the  surrounding 
tissues  or  by  sending  some  of  its  products  to  distant  spots  (metastasis), 
in  part  by  i^oisoning  the  body -fluids  or  by  deranging  the  bodily  func- 
tions. 

If  the  environment  of  the  body  is  relatively  cold  or  relatively  warm, 
the  regulating  powers  of  the  organism  are  at  once  brought  into  play,  in- 
creasing the  heat-production  and  heat-dissipation,  or  diminishing  them,  as 
the  circumstances  demand ;  so  that  the  body  is  capable,  within  certain 
limits,  of  protecting  itself  against  the  influence  of  the  surrounding  tem- 
perature. If  the  functions  of  the  regulating  mechanism  are  defective — 
as  happens,  for  instance,  in  consequence  of  a  fit  of  drunkenness — a  man 
is  more  liable  to  die  from  the  effects  of  cold  than  he  is  when  under  normal 
conditions. 

One  cannot  speak  of  special  protecting  mechanisms  against  gross 
mechanical  influences,  yet  it  is  to  be  noted  that  the  tissues  are  able, 
through  their  peculiar  qualities,  to  suffer  numberless  traumatisms  with- 
out themselves  receiving  any  harm.  If  small,  hard  bodies,  such  as  dust- 
particles,  reach  the  mucous  membrane  of  the  respiratory  tract  or  that  of 
the  intestines,  the  epithelium  forms  a  barrier  to  prevent  their  being  taken 
into  the  tissue-spaces;  and,  further,  if  they  are  present  in  a  locality 
where  there  are  ciliated  epithelia,  these,  through  the  movements  of  their 
cilia,  will  keep  them  moving  onward,  or  they  wdll  become  surrounded 
by  mucus  produced  by  the  epithelium  and  the  mucous  glands,  and  in  this 
envelope  the}^  will  be  carried  outside  the  bod}'. 

Not  infrequently  cells  come  to  the  outer  surface  of  the  mucous  mem- 
brane, encompass  the  dust-particles,  and  carry  them  away  within  them- 
selves, in  a  secretion  derived  from  the  mucous  membrane.  This  phe- 
nomenon, which  is  called  phagocytosis,  is  observed  on  the  mucous 
membranes  both  of  the  pharj^nx  and  of  the  respiratory  tract,  as  well  as 
in  the  alveoli  of  the  lung ;  and  epithelial  cells  can  also  take  part  in  the 
same  Avork  in  company  with  the  wandering  cells  which  come  out  of  the 
tissue-parenchyma  to  the  surface,  and  which  are  derived  mostly  from 
the  blood-vessels,  and  also  from  the  groups  of  lymphadenoid  tissue 
found  in  the  mucous  membrane.  This  peculiar  phenomenon  is  made 
possible  by  the  fact  that  the  cells  can,  by  the  motion  of  their  proto- 
plasm, take  up  small  particles,  which,  like  insoluble  dust,  exert  no 
injurious  influence  upon  their  protoplasm.  If  these  cells  laden  with 
dust  escape  outward,  the  act  of  taking  up  the  dust  into  their  substance 
appears  as  a  useful  activity— one  w^hich  aids  in  the  cleansing  of  the 
organs  from  dust.  On  the  other  hand,  if  these  dust-laden  cells — as  hap- 
pens particularly  in  the  lung-tissue — pass  into  the  lymphatic  channels 
and  are  laid  up  along  the  sides  of  the  channels  or  are  carried  into  the 
h'mph-glands — in  other  words,  if  a  metastasis  of  the  dust-containing 
cells  takes  place  into  the  internal  organs  (see  §  18) — then  the  taking  up 
of  dust  by  these  cells  appears  in  a  less  favorable  light,  and  one  can  speak 
of  the  act  as  a  useful  phenomenon  only  when  one  is  prepared  to  consider 
the  infiltration  of  the  pulmonary  connective  tissue  and  lymph-glands 
with  dust  as  less  harmful  than  the  collection  of  dust-particles  on  the 
inner  surface  of  the  alveoli. 

When  the  particles,  either  free  or  contained  in  cells,  reach  the  lymph- 
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glands,  they  are  arrested  at  this  point  and  stored  away  in  the  cells  of 
these  glands,  so  that  the  lymph-glands  may  be  considered  to  be  trust- 
worthy filters  which  guard  the  blood  and  the  internal  organs  from  the 
conveyance  of  dust  to  them. 

Against  the  action  of  i)oisons  the  human  body  possesses  but  feeble 
powers  of  defence.  Against  corrosive  substances  the  epidermis  of  the 
outer  skin  and  the  mucus  of  the  mucous  membranes  afford  a  certain 
amount  of  protection ;  and  there  may  occur,  under  certain  circumstances, 
a  marked  increase  in  the  production  of  mucus — for  instance,  in  the 
stomach — whereby  the  irritating  action  of  a  caustic  fluid  may  be  markedly 
reduced.  Through  the  transudation  of  fluid  from  the  blood-vessels  upon 
the  surface  of  the  mucous  membrane,  a  dilution  of  the  corrosive  solution 
may  be  produced,  which  modifies  its  action.  On  the  other  hand,  the 
extension  of  the  corrosive  agent  over  a  larger  surface  may  thus  be  pro- 
duced, and  may  result  in  a  more  widespread  injury  to  the  tissues. 

If  the  poisonous  substances  are  of  such  a  character  that,  after  being 
taken  up  into  the  juices  of  the  body,  they  act  injuriously  upon  the 
blood  or  the  nervous  system,  a  protective  influence  may  be  exerted  by  the 
organism  in  part  through  the  action  of  the  kidneys,  liver,  and  intestine, 
which  are  sometimes  able  to  excrete  thej^oison  rapidly,  and  in  part  through 
the  occurrence  of  chemical  changes  in  the  poison  itself;  but  this  sort  of 
protection  is  effective  only  when  the  processes  referred  to  take  place 
before  any  injury  has  been  inflicted  by  the  poison. 

§  27.  The  human  organism  possesses  various  kinds  of  protective 
mechanisms  and  protective  forces  against  the  parasitic  infections  and 
intoxications,  and  they  play  a  very  prominent  part  in  all  diseases  caused 
by  bacteria.  According  to  their  activity,  these  protective  forces  may  be 
divided  into  four  groups :  the  first  prevents  the  entrance  of  the  bacteria 
into  the  tissues ;  the  second  prevents  the  unlimited  local  spread  of  the 
bacteria  which  have  already  begun  to  multiply ;  the  third  prevents  their 
passage  into  the  blood  and  their  transportation  (metastasis)  to  other 
parts  of  the  body ;  the  fourth  hinders  the  intoxication  or  weakens  and 
reduces  it  to  a  low  degree  of  power. 

For  the  x^revention  of  the  entrance  of  pathogenic  bacteria  into  the 
tissues,  the  latter  are  provided  with  those  peculiar  powers  which,  as 
we  have  already  mentioned,  are  also  competent  to  hinder  the  entrance 
of  dust;  and  in  the  accomplishment  of  this  purpose  the  jrrotective  epithe- 
lial coverings  and  the  mucus  play  a  very  important  part.  In  the  re- 
spiratory tract  the  movements  of  the  ciliated  epithelium  furnish  efficient 
protection,  while  in  the  stomach  the  gastric  juices  are  poisonous  to  many 
pathogenic  bacteria.  It  is  certain  that  many  bacteria  are  not  able  to 
penetrate  the  unwounded  external  skin  or  the  unwounded  mucous  mem- 
brane without  some  assistance  favoring  colonization  and  reproduction, 
and  that  the  stomach  secretions  not  infrequently  destroy  the  activity  of 
the  bacteria  (pneumococci,  cholera-spirilla)  or  even  kill  them. 

It  appears,  also,  not  ovlj  that  the  mucus  secreted  by  the  mucous 
membranes  can  envelop  the  bacteria  in  its  substance,  and  in  this  way 
hinder  their  entrance  into  the  tissues,  but  that,  what  is  more  important, 
the  mucus  acts  upon  the  bacteria  with  harmful  effect,  either  through  a 
substance  which  it  contains  that  is  injurious  to  them,  or  by  producing 
a  culture-medium  unfavorable  to  their  growth.  It  happens  thus,  for 
instance,  according  to  Sanarelli  and  Dittrich,  that  pus-cocci,  cholera- 
spirilla,  and  pneumococci  gradually  lose  their  virulence  in  the  mucus 
of  the  mouth  and  die,  while  diphtheria-bacilli,  as  it  appears,  are  not 
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injured  hx  the  mucus.  There  are  also  many  kinds  of  bacteria  which 
soon  die  in  the  secretions  of  the  vagina  and  uterus. 

Many  pathogenic  organisms,  therefore,  may  obtain  a  foothold  upon 
the  skin  or  upon  some  accessible  mucous  membrane,  or  may  enter  the 
lungs ;  but  comparativeh'  few  among  them  produce  an  infection.  Inves- 
tigation has  shown  repeatedly  that  in  healthy  individuals  there  are  found 
in  the  ujjper  respiratory  tract  and  in  the  mouth  not  only  harmless  bac- 
teria— i.e.,  those  which  cannot  reproduce  themselves  in  the  human 
tissues — but  also  those  which  can  undoubtedly  cause  disease,  as,  for 
instance,  cocci  which  produce  pus,  or  those  which  are  capable  of  jjro- 
ducing  croupous  inflammation  of  the  lungs.  From  these  facts  we  are 
warranted  in  drawing  the  conclusion  that  the  bacteria  which  are  found 
upon  the  mucous  membranes,  and  have  perhaps  multiplied  at  these  spots, 
often  die  and  are  carried  away  without  having  produced  infection.  This 
is  probably  what  happens  in  the  case  of  the  above-named  cocci  and  the 
tubercle-bacilli ;  and  to  this  number  should  also  be  added  the  spirilla  of 
cholera,  which  sujBfer  when  in  contact  with  the  acid  secretions  of  the  stom- 
ach. Finally,  we  may  also  assume  that  many  of  the  pathogenic  bacteria 
that  are  inhaled  into  the  alveoli  of  the  lungs  do  not  reach  the  reproduc- 
tive stage,  but  die. 

If  a  wound  exists  at  any  point  the  granulations  which  form  upon  its 
surfaces  afford  a  comparatively  safe  protection  against  infections,  for 
the  tissue-juices  which  escape  from  these  granulations  and  pass  through 
their  substance,  w^eaken  the  virulence  of,  or  entirely  destroy,  many  varie- 
ties of  bacteria. 

If  the  bacteria  have  succeeded  in  effecting  a  lodgment  at  some 
spot,  and  have  begun  to  multiply,— it  matters  not  whether  they  effected 
a  passage  through  the  epithelial  stratum  without  aid  from  some  outside 
source  (as  in  the  case  of  typhoid-bacilli  and  cholera-spirilla),  or  whether 
they  succeeded  in  reaching  the  connective-tissue  layer  by  way  of  some 
small  wound  (as  in  the  case  of  tetanus-bacilli,  pus-cocci,  the  cocci  of 
erysipelas,  and  tubercle-bacilli), — and  if  their  further  progress  is  char- 
acterized partly  b}'  local  tissue-destruction  and  partly  by  a  poisoning  of 
the  juices  of  the  body,  there  may  be  brought  into  action,  on  the  part 
of  the  general  organism,  certain  counter=influences  ichich  either  restrain 
the  further  nudtiplication  of  the  bacteria,  or  iceal'en  or  j^^rhaps  even  neu- 
tralize completely  the  poisons  produced  l>ij  them.  The  first-mentioned  in- 
hibitory influence  must  naturally  be  situated  in  the  local  surroundings, 
and  depends  either  upon  the  vital  action  of  the  tissues  or  upon  the  action 
of  certain  chemical  substances. 

As  has  already  been  mentioned,  colonies  of  bacteria  produce  local 
tissue-degenerations,  inflammation,  and  proliferation  of  tissue — all  of 
w^hich  are  processes  in  which  the  amount  and  the  composition  of  the 
fluid  which  may  happen  to  be  at  the  time  in  the  locality  undergo  a 
change ;  and  similarly  the  cells  of  the  locality  also  become  altered.  In- 
asmuch as,  in  some  of  these  cases,  it  is  noticed  that  in  the  course  of  the 
processes  just  enumerated  the  bacteria  die,  and  that  upon  their  death 
the  infection  often  ceases,  we  may  safely  draw"  the  inference  that  the 
cause  of  the  death  of  the  bacteria  is  confined  to  the  locality  involved. 

The  prevention  of  the  spread  of  the  bacteria  and  their  destruction, 
in  the  spots  where  they  are  gathered  together  in  colonies,  have  been 
ascribed  by  many  authors  to  the  activity  of  cells  which  have  collected  at 
the  point  of  infection ;  and  at  the  same  time  they  have  acknowledged 
that  the  process  termed  phagocytosis — i.e.,  the  taking  up  of  the  bac- 
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teria  by  the  cells  into  tlieir  substance — plays  a  decisive  part  in  this 
work.  According  to  Metschnikoff  and  others,  the  amoeboid  cells  of  the 
body  carry  on  a  war  against  the  foreign  invaders,  and  endeavor  to  over- 
power and  destroy  them.  Such  a  manner,  however,  of  characterizing 
the  phenomena  of  phagocytosis  amounts  simply  to  a  poetical  way  of 
expressing  one  s  self,  and  does  not  do  justice  to  the  essential  facts.  Its 
faultiness  consists  in  their  attributing  consciousness  and  will-power  to 
the  amoeboid  cells  of  the  body — i.e.,  to  the  leucocytes  and  the  multi- 
plying connective-tissue  cells.  These  attributes,  it  is  manifest,  could 
not  possibh^  belong  to  these  cells.  Scientifically  considered,  the  gath- 
ering together  of  the  cells  at  the  point  involved  in  the  disease,  and  the 
subsequent  phagocytosis,  are  simply  an  exjDression  of  certain  forces 
which  are  natural  to  the  amoeboid  cells.  The  latter,  therefore,  in  obe- 
dience to  these  laws  of  their  nature,  perform  certain  definite  movements 
when  they  are  subjected  to  the  influence  of  mechanical,  chemical,  or 
even  thermal  irritants.  We  know,  from  numerous  investigations  made 
by  Büchner,  Gabritschewsky,  Leber,  Massar,  and  Bordet,  that  the  mo- 
tile cells  of  the  body  can,  by  means  of  soluble  chemical  substances  in 
certain  concentrations  of  solution,  be  attracted  or  driven  away,  and  some- 
times injured  (see  the  chapter  on  Inflammation) ,  and,  further,  that  the 
contact  with  hard  bodies  can  stimulate  them  into  pushing  out  proto- 
plasmic prolongations. 

These  phenomena  are  known  as  negative  and  positive  chemotro= 
pismus  or  Chemotaxis,  and  as  tactile  irritability.  We  must  suppose 
that  the  bacteria  multiplying  witliin  the  tissues  act  upon  the  amoeboid 
cells  through  a  chemical  substance  which  they  produce,  sometimes  re- 
pelling and  injuring,  sometimes  attracting,  and  in  the  latter  case  afford- 
ing conditions  which  are  favorable  to  phagocytosis.  This  supposition 
is  also  in  harmony  with  the  actual  behavior  of  the  cells  in  the  different 
local  infections,  since  in  one  case  the  bacteria  are  quickly  taken  up  by 
the  cells,  while  in  another  they  are  left  undisturbed. 

If  one  considers  phagocytosis  of  the  cells,  in  the  infections,  in  the 
light  of  a  process  natural  to  the  life  of  the  cell,  one  can  then  classify  it 
only  as  a  specific  prrocess  destined  to  facilitate  the  taidng  up  of  nourishing 
material ;  and  this  interpretation  would  have  to  suffer  only  one  excep- 
tion, and  that  is  when  certain  microparasites,  themselves  possessing 
amoeboid  motion,  x:)enetrate  by  their  own  movements  into  the  cells. 

The  result  of  the  devouring  of  bacteria  by  cells  depends  sometimes 
on  the  activity  of  the  devouring  cells,  sometimes  on  the  peculiar  x^roper- 
ties  of  the  microparasite,  and  can  either  result  in  the  death  and  disso- 
lution of  the  parasite  or  in  the  death  of  the  cell;  sometimes,  also,  the 
bacteria  live  quietly  in  the  cells,  thus  furnishing  an  example  of  a  sym- 
biosis of  the  cells  with  the  parasites.  In  the  first  case  the  phagocytosis 
may  prove  to  be  a  curative  process,  in  that  it  hinders  the  multiplication 
and  spread  of  the  bacteria.  In  the  second  and  third  cases,  on  the  con- 
trary, the  phenomena  are  useless  for  inhibiting  the  further  dissemina- 
tion of  the  parasites ;  in  fact,  there  are  cases  (leprosy,  and  to  a  certain 
degree,  also,  tuberculosis)  in  which  the  parasites,  finding  therein  a  proper 
culture-medium,  increase  within  the  cells  and  finally  destroy  them.  If 
these  infected  cells  remain  intact  for  a  certain  length  of  time  they  may 
wander  into  other  regions  and  in  this  way  effect  a  metastasis. 

Phagocytosis  acts  as  a  protective  agent  only  in  a  limited  number  of 
cases,  yet  it  is  not  to  be  doubted  that  the  phagocytes  in  certain  infections 
can  take  up  not  only  dead  or  dying,  but  also  living  bacteria  not  yet  in- 
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jured  by  other  agents,  and  can  cause  their  death.  If  a  large  number  of 
cells  collect  in  the  infected  tissues,  they  may  on  this  account,  by  fill- 
ing completely  the  lymphatics,  produce  a  certain  mechanical  obstruc- 
tion to  the  spread  of  the  bacteria;  but  the  ])rotection  thus  afforded  is 
frequently  insufficient. 

If  the  bacteria,  either  free  or  enclosed  in  cells,  i)ass  from  the  lym- 
phatics into  the  lymph=glands,  these  act  as  filters,  as  in  the  case  of 
dust,  and  retain  the  bacteria ;  still  this  protection  suffices  only  when  the 
bacteria  collected  here  are  hindered  in  their  reproduction  and  are  killed 
by  the  influence  of  their  surroundings.  The  destruction  can  be  fully 
accomplished  here,  also,  under  the  influence  of  phagocytosis ;  but  this 
is  in  many  instances  possible  only  after  the  bacteria  are  weakened  or 
have  already  been  killed.  The  taking  up  of  living  bacteria  by  the  cells 
does  not  always  lead  to  their  death ;  in  fact,  it  is  frequently  followed  by 
an  intracellular  multiplication  of  the  bacteria. 

More  powerful  than  phagocytosis  for  the  inhibition  of  the  spread  of 
bacteria  and  other  microparasites  is  the  action  of  certain  chemical  sub= 
stances  found  in  solution  in  the  tissues.  Furthermore,  since  sapro- 
phytic, non-pathogenic  bacteria  injected  iüto  living  tissues  can  be  killed 
in  a  very  short  time,  we  must  suppose  that  there  are  in  the  tissues  suh- 
stmices  ivhich,  by  reason  of  their  chemical  powers,  are  poisonous  to  many 
varieties  of  bacteria  and  can  cause  their  death  rapidly.  The  same  exx)la- 
nation  may  also  be  given  of  the  fact  (mentioned  by  Afanassieff)  that 
pathogenic  bacteria  (bacilli  of  anthrax,  vibrio  of  Metschnikoff)  which 
are  transferred  to  the  granulating  surface  of  a  wound,  very  soon  begin 
to  degenerate  and  then  die.  Then,  again,  since  many  pathogenic  bac- 
teria develop  only  locally — for  example,  the  tetanus-bacilli,  diphtheria- 
bacilli,  and  cholera-spirilla — and  after  a  certain  time  die  within  the  in- 
fected area  without  having  spread  more  widely  in  the  body,  so  is  it 
very  probable  that  the  tissues  of  the  body  contain  substances  which 
are  also  poisonous  for  many  pathogenic  forms  of  bacteria  and  prevent 
their  wider  diffusion.  The  phenomena  observed  in  local  infections  show 
also  that  these  substances  are  generated  at  times  in  increased  amounts, 
or  are  augmented  in  their  action  b}^  newly  produced  poisonous  sub- 
stances. It  is,  furthermore,  iDrobable  that  the  crowding  together  of  cells, 
which  takes  place  either  in  the  infected  area  or  in  the  neighborhood, 
tends  to  increase  the  production  of  these  poisonous  substances,  and  may 
thus  imi^ede  the  si^read  of  the  bacteria ;  nevertheless  attention  should 
be  directed  to  the  fact  that  in  some  infections  the  spread  of  the  bacteria 
comes  to  a  standstill  (e.g.,  in  erysipelas)  in  certain  places  where  there 
has  been  no  crowding  together  of  cells.  It  is  a  fact  that  in  many  infec- 
tions the  si)read  of  bacteria  in  the  body  by  metastasis  either  is  entirely 
wanting  (as  in  tetanus  and  diphtheria)  or  at  least  is  quite  insignificant  in 
comparison  with  the  local  infection,  and  is  followed  by  relatively  trifling 
changes  (as  happens,  for  example,  in  typhoid  fever).  Now  the  expla- 
nation of  this  fact  is  to  be  sought  not  so  much  in  the  circumstance  that 
local  changes  in  the  tissues  have  hindered  the  spread  of  the  bacteria 
into  the  lymph-  and  blood-vessels — for  instance,  by  the  production  of 
X^eculiar  chemical  substances,  or  by  the  introduction  of  some  mechani- 
cal impediment  such  as  would  result  from  the  building  of  a  wall  of  cells 
— as  in  the  further  fact  that  there  are  j^resent  in  the  lymph  and  blood  itself 
forces  lühich  are  able  to  injure  and  lueaken  the  bacteria  that  have  been  taken 
in,  or  even  to  destroy  them. 

Some  investigators  have  been  led  to  believe  that  the  hostile  action  of 
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the  blood  upon  bacteria  depends  upon  the  phagocytic  action  of  the  leu- 
cocytes, and  they  support  this  idea,  first,  by  the  fact  that  one  very  fre- 
quently can  recognize,  after  acquired  infection,  or  after  one  artificially 
produced  by  the  introduction  of  bacteria  into  the  blood,  such  a  phago- 
cytosis ;  and  also  by  the  further  fact  that  bacteria  within  the  blood — 
very  many  of  them  contained  in  cells — are  carried  out  of  the  blood-chan- 
nels and  deposited  in  diverse  organs — for  instance,  in  the  spleen,  the 
liver,  the  bone-marrow,  and  the  kidneys — in  which  they  die,  or  from 
which  they  are  excreted.  These  observations,  however,  do  not  warrant 
the  conclusion  that  phagocytosis  forms  in  any  way  a  protection  against 
the  spread  of  bacteria  in  the  lymph  and  blood,  since  in  those  very  cases 
in  which  the  bacteria  are  not  carried  off  in  the  blood,  the  phagocytosis 
is  absent;  whereas,  on  the  other  hand,  an  entrance  of  bacteria  into  the 
blood,  and  their  multiplication  within  the  vessels,  are  very  often  accom- 
panied or  followed  by  phagocytosis.  Here,  too,  phagocytosis  is  a  sec- 
ondary phenomenon,  which  occurs  when  bacteria  or  protozoa  are  pres- 
ent in  the  blood,  and,  like  bland  dust-particles,  are  not  able  to  hinder 
their  being  taken  up  into  the  bodies  of  the  leucocytes. 

When  bacteria  are  taken  up  by  cells  they  either  die  or  continue  to 
multiply  inside  the  cells ;  and  which  of  these  two  courses  they  will  take 
depends  upon  their  peculiarities  and  upon  the  condition  in  which  they 
are  at  the  time  when  they  are  taken  up. 

According  to  the  researches  which  have  thus  far  been  made,  the 
power  which  is  able  to  prevent  the  increase  of  bacteria  in  the  blood  re- 
sides principally  in  antibacterial  cliemical  substances  which  probably 
belong  to  the  albuminoid  bodies  (Büchner j,  and  accordingly  are  termed 
protective  albuminoid  bodies  or  alexins  (the  mycosozins  of  Hankin). 
The  mode  of  production  and  the  action  of  these  substances  are  not 
known,  and  can  be  spoken  of  only  hypothetically.  So  far  as  conclu- 
sions can  be  drawn  from  the  behavior  of  the  human  and  animal  organ- 
isms in  infectious  diseases,  we  may  assume  that  in  the  human  organism 
there  are  always  present  certain  protective  chemical  substances,  and  that 
others,  on  the  contrary,  are  jjroduced  only  after  infection  has  taken  place; 
so  that  not  until  a  certain  stage  in  the  course  of  an  infection  has  been 
reached  is  an  inhibitory  influence  exerted  upon  the  development  of  the 
bacteria  by  antibacterial  poisons.  Such  an  assumption  is  supported  by 
the  fact  that  many  bacteria  (typhoid-bacilli,  the  spirilla  of  cholera,  and 
pus-cocci)  possess  their  full  power  of  virulence  when  they  are  first  dis- 
tributed throughout  the  body  in  the  blood,  but  afterward  they  lose  their 
virulence  and  finally  die. 

The  protection  which  the  alexins  of  the  blood  afford  the  organism  is 
restricted  to  certain  diseases— i.e.,  to  those  infections  in  which  the  mul- 
tiplication of  the  bacteria  is  confined  to  a  limited  area,  or  in  which  the 
transported  bacteria  have  lost  considerable  virulence.  On  the  contrary, 
in  many  infections  the  peculiar  action  of  the  blood  in  causing  the  bacteria 
to  undergo  degeneration  seems  to  be  entirely  wanting,  or,  when  it  is  pres- 
ent, IS  easily  overcome — as,  for  instance,  in  those  infections  in  which  the 
bacteria  multiply  in  the  blood  itself  (anthrax),  and  also  in  those  in  which 
the  bacteria,  though  not  increasing  in  the  blood  (infections  of  tuberculosis 
and  lepra)  show  no  decrease  in  their  virulence  after  metastasis. 

The  protective  power  which  the  organism  possesses  against  the 
poisons  produced  in  the  tissues  "cy  bacteria  is  to  be  found  in  the  pos- 
sibility of  a  rapid  excretion  of  the  poisons,  by  the  kidneys,  and,  under 
certain  circumstances,  through  the  stomach,  the  intestines,  and  the  skin; 
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and  the  action  of  these  organs  is  sufficient,  in  certain  cases,  to  prevent 
a  fatal  poisoning.  Besides  this,  in  certain  infections  there  is  evidently 
an  antagonistic  action  on  the  part  of  the  organism,  in  the  sense  that  cer- 
tain poisons  are  rendered  inactive  or  are  actually  destroyed  by  counter» 
poisons  or  so-called  antitoxins,  or  that  the  toxins  and  antitoxins  com- 
bine to  produce  non-poisonous  substances,  or,  finally,  that  the  products 
of  metabolism  of  the  tissues  protect  the  latter  from  the  action  of  the 
toxins.  It  is  furthermore  possible  that  by  the  spread  of  bacterial 
products  through  the  body  in  certain  concentration  the  tissues  can  be 
made  immune  against  the  same  products,  or  also  against  the  products 
of  other  bacteria  (see  §  30). 

The  antibacterial  properties  of  the  blood  and  lymph  in  relation  to  certain  bacteria 
have  been  established  by  the  experimental  researches  of  a  number  of  authors.  These 
experiments  have  shown  that  the  destructive  action  of  a  definite  kind  of  blood  is  ex- 
erted only  upon  certain  species  of  bacteria,  and  never  upon  all  ;  and  that  this  action,  at 
the  same  time,  is  subject  to  individual  variations. 

According  to  the  investigations  of  Fodor,  Petruschky,  Nuttall,  Ogata,  Büchner, 
Behring,  Nissen,  Pansini,  and  others,  the  blood  and  serum  from  dogs,  rabbits,  and  white 
rats  are  capable  of  making  the  anthrax-bacillus  powerless,  and  even  of  killing  it :  yet 
this  action  is  a  limited  one,  so  that  after  the  introduction  of  a  large  number  of  anthrax- 
bacilli  into  the  blood  taken  from  the  blood-vessels,  the  bacilli  after  a  little  time  begin 
to  multiply.  Defibrinated  blood  of  dogs  and  rabbits  can  destroy  the  cholera-spirillum 
and  typhoid-fever  bacillus  ;  it  is,  however,  powerless  against  various  forms  of  pus-cocci 
and  against  proteus  ;  the  same  statement  is  also  true  with  regard  to  the  blood-serum. 
Human  blood  or  blood-serum  can  cause  the  death  of  typhoid-bacilli,  diphtheria-bacilli, 
and  the  bacilli  of  glanders,  but  it  has  no  effect  upon  the  bacilli  of  anthrax.  If  the 
bactericidal  properties  of  the  blood  are  exhausted,  then  these  bacteria  grow  luxuriantly 
in  either  blood  or  serum. 

Hankin,  Kanthack,  Denys,  Hahn,  Löwit,  and  others,  assume — on  the  strength  of  ex- 
perimental investigations — that  the  alexins  are  produced  by  the  leucocytes.  Kossel 
believes  it  to  be  possible  that  the  nucleinic  acid  present  in  relatively  large  amounts  in 
the  leucocytes  plays  a  part  in  the  destruction  of  the  bacteria. 

According  to  the  opinion  of  Bitter,  the  bactericidal  substance  found  in  organs — that, 
for  example,  which  one  can  derive  from  the  lymphatic  glands,  the  spleen,  and  the  thymus 
gland — is  to  a  certain  extent  different  from  that  which  is  found  in  the  blood  and  serum, 
and  consequently  does  not  originate  entirely  in  the  blood.  It  is  certain  that  the  bacteria- 
destroying  power  of  the  blood  and  blood-serum  is  not  the  only  protective  infltience  which 
can  resist  the  spread  of  an  infection  or  prevent  it  entirely,  and  can  confer  immunity. 

According  to  Emmerich  and  Tsuboi,  the  bactericidal  albuminoids  lose  their  power 
on  being  mixed  with  alcohol  and  dried  in  vacuo  at  40'  C,  as  also  by  being  heated  ;  they 
recover  it,  however,  when  the  dried  material  is  dissolved  in  water  containing  from  0.05 
to  0.08  per  cent  of  potassium  or  sodium  at  39°  C,  and  their  activity  can  thus  be  greatly 
increased  (a  thousandfold). 

According  to  the  observations  of  Czaplewski,  the  anthrax-bacilli  which  have  been 
taken  up  into  the  leucocytes  degenerate  more  slowly  within  the  infected  organism  than 
do  those  which  are  free  in  the  blood  or  the  tissue-fluids.  It  appears,  therefore,  that 
under  certain  conditions  the  cells  protect  the  bacteria  which  are  contained  within  them 
from  the  bactericidal  substances  in  the  fluids  of  the  body. 

The  a?i^itoa;ins  which  render  the  bacterial  poisons  harmless,  are  generally  first  formed 
during  the  course  of  the  infection.  Nevertheless,  the  investigations  of  Wassermann, 
Abel,  Fischl,  von  Wunschheim,  and  others  have  shown  that  they  are  also  contained  in 
the  serum  of  healthy  human  boings.  Serum  ,which  contains  an  antitoxin  that  is  effec- 
tive against  a  certain  toxin — as,  for  example,  against  the  toxin  of  diphtheria — may 
nevertheless  serve  as  a  medium  in  which  the  bacteria  of  this  disease  can  be  cultivated. 
The  antitoxin,  therefore,  does  not  destroy  the  bacteria. 

§  28.  The  healing  powers  of  the  human  body  are  furnished  hy  those 
functions  of  life  ivhich  are  fitted  to  compensate  for  the  derangements  and 
changes  produced  bi/  disease,  and  to  render  harirdess  or  to  remove  altogether 
any  harmful  agent' that  may  still  he  p>resent  in  the  body.  A\Tien  portions 
of  tissue  are  destroyed,  the  healing  consists  essentially  in  the  removal  of 
the  altered  and  dead  parts,  and  in  the  replacement  of  these  hy  netv  tissue. 
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If  from  any  cause  the  temperature  of  the  body  is  abnormally  low  or 
abnormally  high,  compensation  is  effected  by  a  suitable  regulation  of 
the  heat-production  and  heat-dispersion,  as  a  result  of  which  the  tem- 
perature of  the  body  is  once  more  restored  to  its  normal  height.  If  a 
portion  of  tissue  is  destroyed  by  a  traumatism,  the  organism  can  repair 
the  defect  either  by  the  production  of  new  tissue  on  the  spot  (regenera- 
tion), or  by  providing  a  marked  increase  in  other  similar  tissues  (com- 
pensatory hypertrophy) . 

If  poisons  have  entered  the  body  and  have  produced  symptoms  of 
poisoning,  there  are  only  two  ways  in  which  healing  can  result — namely, 
through  the  removal  of  the  poison  by  the  excretory  organs,  or  through 
its  being  changed  and  made  harmless  within  the  body.  At  the  same 
time  the  damaged  tissues,  under  the  influence  of  a  normal  nutrition, 
again  receive  a  normal  organization,  and  any  defects  that  may  remain 
are  in  due  time  compensated  for. 

In  infections  the  healing  processes  follow  directly  on  the  action  of 
the  protective  forces ;  indeed,  the  action  of  the  latter  constitutes  the  first 
stage  of  the  healing  process.  Consequently  the  p)rotective  and  the  healing 
forces  are  in  a  measure  identical.  If  the  alexins  succeed  in  hindering 
the  growth  of  the  bacteria,  and  then  if  the  weakened  bacteria  are  dis- 
solved and  destroyed  in  the  fluids  of  the  tissues  or  within  the  cells,  the 
first  step  in  the  healing  process  will  have  been  taken,  inasmuch  as  the 
causa  efficiens  has  been  removed.  If  by  the  massing  together  of  cells  in 
the  infected  tissues  a  protective  wall  is  formed  against  the  spread  of  the 
bacteria,  or  if  the  latter  are  retained  in  the  lymph-glands  and  destroyed, 
then  these  phenomena  may  also  be  looked  upon  as  processes  which 
usher  in  the  healing.  In  a  similar  manner  the  removal  of  the  poisons 
or  the  bacteria  which  have  entered  the  blood,  by  way  of  the  excretory 
organs — the  kidneys,  the  liver,  and  the  intestines — not  only  acts  as  a 
protection  against  further  localization  of  the  bacteria  and  against  in- 
creased intoxication,  but  also  makes  possible,  through  the  removal  of 
the  noxious  materials,  the  restoration  of  the  injured  tissues. 

In  many  infectious  diseases  the  healing  action  of  the  protective 
agents  already  in  the  body  (§  27)  is  supplemented  by  the  appearance 
on  the  scene  of  new  substances,  foreign  to  the  normal  organism, 
which  as  bactericidal  substances,  and  as  antitoxins,  antagonize  both  the 
infection  and  the  intoxication.  These  antagonistic  poisons  are  produced 
either  by  the  cells  and  the  blood— both  of  which  have  been  altered  by  the 
infection  so  as  to  perform  other  life-processes — or  by  the  bacteria  them- 
selves ;  they  spread  through  the  body  by  way  of  the  tissue-juices,  and  thus 
form  an  impediment  to  the  further  spread  and  increase  of  the  bacteria. 

These  antagonistic  bodies  act  in  one  of  two  ways :  they  either  hinder 
the  reproduction  of  the  bacteria  and  kill  them,  or  they  alter  and  render 
harmless  the  bacterial  poisons,  or  they  combine  with  them  to  produce 
an  inactive,  non-poisonous  substance.  It  is  also  possible  (cf.  §  30)  that 
in  the  case  of  a  few  infections  they  render  the  tissues  to  a  certain  extent 
unsusceptible  to  the  effects  of  bacterial  poisons. 

The  cause  of  healing  in  infectious  diseases  is  most  frequently  referable  to  the  fact 
that  chemical  substances  produce  an  antagonistic  action  against  the  intoxication,  and  the 
bacteria  are  prevented  from  any  further  spread  and  thus  die  out.  It  has  been  proven, 
however,  that  in  many  cases  the  bacteria  survive  and  probably  continue  to  produce  poi- 
sonous matters,  which,  however,  remain  harmless  in  consequence  of  the  presence  of  the 
antitoxins.  In  individual  cases  the  theory  appears  admissible  that  a  lack  of  proper 
nutritive  material  produces  the  death  of  bacteria  ;  this  being  true,  perhaps,  in  the  case 
of  localized  areas  of  infection  (tuberculosis),  in  which  bacteria  remain  for  a  long  while 
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enclosed  in  tissue  which  is  dead  and  whicli,  with  the  lapse  of  time,  is  undergoing  altera- 
tion, and  from  which,  consequently,  they  are  unable  to  escape  and  find  a  new  source  of 
food. 

According  to  the  investigations  of  R.  Pfeiffer,  which  have  been  verified  by  Sobern- 
heim,  Dunbar,  Loefiler,  and  others,  the  blood-serum  taken  from  animals  which  have 
been  rendered  immune  as  regards  the  bacilli  of  typhoid  fever  or  the  spirilla  of  cholera, 
and  that  taken  from  human  beings  who  are  either  ill  with  or  are  convalescing  from 
either  typhoid  fever  or  cholera,  contains,  besides  certain  antitoxins,  a  specific  bactericidal 
substance  (lysogenous  substance  of  C.  Fraenkel)  which  possesses  this  characteristic,  viz.. 
that  when  some  of  it  is  added  to  a  virulent  culture  of  the  organisms  belonging  to  either 
of  the  above-mentioned  diseases,  this  culture  becomes  so  modified  in  its  composition 
that  the  bacteria,  after  being  injected  into  the  abdominal  cavity  of  experimental  ani- 
mals, rapidly  break  np  into  minute  globules  and  become  dissolved. 

According  to  the  investigations  of  Gruber.  Durham,  Pfeiffer,  Kolle,  Sobernheim. 
Widal,  and  C.  Fraenkel,  the  blood-serum  obtained  from  persons  who  are  actually  ill  with 
typhoid  fever  or  with  cholera,  or  who  are  convalescing  from  one  or  the  other  of  these 
diseases,  or  who  have  even  entirely  recovered  from  such  illness,  exerts  a  damaging  in- 
fluence upon  the  bacilli  of  the  corresponding  disease  ;  this  influence  being  of  such  a 
nature  that  in  bouillon  cultures  the  bacteria  cease  to  make  their  ordinary  movements, 
roll  themselves  together  in  clumps,  sink  to  the  bottom  of  the  vessel,  and  then  undergo 
disintegration.  When  the  serum  is  added  to  a  hanging  drop  of  bouillon  culture  it  causes 
the  vibriones  which  were  previously  in  active  motion  at  once  to  become  motionless 
and  to  collect  together  in  little  heaps.  Gruber  is  of  the  opinion  that  this  phenomenon 
is  to  be  explained  by  the  swelling  up  and  bursting  of  the  membranous  coverings  of  the 
bacteria,  and  he  assumes  that  this  change  at  once  renders  it  possible  for  the  alexins  to 
destroy  whatever  bacteria  may  be  present  in  the  body.  In  harmony  with  this  view  he 
applies  the  name  agglutinins  to  the  active  substances  or  elements  contained  in  the  serum, 
and  he  believes  that  he  is  warranted  in  attributing  to  them  the  chief  agency  in  bring- 
ing about  a  cure  of  the  infectious  diseases  and  in  establishing  the  condition  of  immunity 
in  respect  to  the  same.  Pfeiffer,  on  the  other  hand,  denies  that  any  such  swelling  of 
the  cell-membrane  takes  place,  and  attributes  the  occurrence  of  the  phenomenon  referred 
to  above  to  arrested  development.  To  the  active  substances,  the  nature  of  which  is 
wholly  unknown,  he  gives  the  name  paralysins.  After  Gruber  had  demonstrated  the 
peculiar  powers  possessed  by  the  blood-serum  of  typhoid-fever  patients.  Widal 
{Seinaine  medicale,  Paris,  1896)  made  the  proposition  to  utilize  this  action  of  blood-serum 
upon  the  bacilli  of  typhoid  fever  (or  upon  the  spirilla  of  cholera)  as  an  auxiliarj^  method 
of  establishing  the  correctness  of  the  diagnosis  during  the  actual  progi-ess  of  this  disease 
(or  of  cholera).  As  a  matter  of  fact,  the  investigations  of  C.  Fraenkel,  Du  Mesnil,  and 
others  have  since  shown  that  it  is  possible,  by  means  of  this  action  of  the  blood-.serum 
upon  cultures  of  typhoid  bacilli,  to  determine — both  during  the  course  of  the  attack  and 
for  a  long  time  (even  several  months)  afterward — whether  the  diagnosis  of  typhoid  fever 
has  been  correctly  made. 

Metschnikoff,  Bordet,  and  others  maintain  that  the  recovery  from  any  of  the  infec- 
tious diseases  and  the  acquisition  of  the  condition  of  immunity  (compare  §  30)  are  to  be 
attributed  chiefly  to  the  activity  of  the  leucocytes,  which,  as  they  contend,  supply  bac- 
tericidal substances  to  the  juices  of  the  body,  and  at  the  same  time  destroy  the  bacteria 
by  taking  them  up  into  their  cell-bodies.  The  latter  performance,  termed  phagocytosis, 
plays  nevertheless  a  subordinate  role,  for  the  majority  of  the  bacteria  are  destroyed  by 
the  cells  only  after  they  have  been  damaged  or  killed  by  bactericidal  substances  furnished 
hy  the  blood  and  by  the  juices  of  the  tissues.  In  many  forms  of  infection  the  bacteria 
are,  it  is  true,  taken  up  into  the  cells,  but  they  do  not  perish  within  the  cell-bodies. 
Indeed,  it  is  highly  probable  that  they  find,  in  the  protoplasm  of  the  cell,  a  soil  favorable 
to  their  development. 

It  has  often  been  assumed  that  the  fever  present  in  infectious  diseases  is  a  process 
which  favors  the  destruction  of  the  bacteria,  and  it  is  not  impossible  that  in  individual 
cases  it  exerts  such  a  beneficial  influence.  Thus,  for  example,  it  is  easy  to  believe  that 
a  parasitic  micro-organism  that  easilv  endures  a  temperature  of  from  oT"  to  38°  C.  (from 
98.6°  to  100.4°  F.)  may  not  endure  one  of  fi'om  40"  to  41°  C.  (from  104°  to  105.8°  F.),  and 
consequently  that  high  fever-temperatures  would  be  likely  to  hinder  its  powers  of  repro- 
duction. The  conclusion  must  not  be  drawn  from  this  fact,  however,  that  the  fever  is  a 
useful  phenomenon  or  one  that  always  favors  the  counter-balancing  of  one  set  of  patho- 
logical disturbances  by  another  set.  And  even  in  those  cases  in  which  the  metabolism 
which  goes  on  during  the  fever  produces  upon  the  bacteria  a  deleterious  influence,  it  is 
not  permissible  to  consider  this  as  something  useful  which  should  be  credited  to  the 
fever.  One  could  only  say  that  a  portion  of  "the  morbid  processes  taking  place  in  the 
course  of  an  infectious  fever  induces  the  formation  of  certain  products  of  chemical  de- 
composition which  act  in  an  antibacterial  or  an  antitoxic  manner. 
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VI.  Congenital  and  Acquired  Predisposition. — Idiosyncrasy  and  Im= 
munity. — The  Acquiring  of  Immunity. — Immunizing  Inoculations. 

§  29.  It  is  an  old  observation  that  different  individuals  are  diversely 
disposed  toward  external  Jiarnifid  agents.  In  a  certain  number  of  cases 
this  difference  depends  upon  the  general  const itid ion — i.e.,  upon  the  gen- 
eral condition  of  the  body;  in  other  cases  there  are  local  conditions  that 
produce  these  differences  in  behavior.  Furthermore,  the  differences 
may  be  congenital  and  lasting,  or  they  may  be  acquired,  and  are  then 
often  a  transient  peculiarity  of  the  special  individual. 

If  an  individual  is  markedly  susceptible  to  the  action  of  a  certain 
disease,  this  condition  is  termed  a  predisposition  to  that  particular  dis- 
ease. If  an  individual  shows  an  especial  susceptibility  to  a  particular 
external  influence,  which  is  much  more  marked  than  the  susceptibility 
thereto  which  is  seen  in  the  majority  of  mankind,  and  so  constitutes  an 
individual  peculiarity,  it  is  termed  an  idiosyncrasy.  If,  on  the  contrary, 
an  individual  is  insusceptible  to  the  action  of  an  injurious  force,  so  that 
the  symptoms  of  the  disease  do  not  appear  even  when  the  individual 
exposes  himself  to  this  particular  injurious  influence,  the  condition  is 
termed  imrannity,  and,  according  to  its  grade,  it  may  be  distinguished 
as  a  relative  or  an  absolute  iinnuuiity. 

Predisposition  has  a  great  influence  over  the  acquiring  of  infectious 
diseases,  and  also  plays  a  prominent  part  in  the  causation  of  numerous 
other  diseases.  In  one  instance  it  is  founded  on  general  constitutional 
conditions,  in  another  on  those  which  are  simply  local ;  and  besides  it 
may  be  a  lasting  or  a  transient  phenomenon.  Mankind  has  a  strong 
predisposition  to  measles,  smallpox,  scarlet  fever,  cholera,  typhoid 
fever,  malaria,  tuberculosis,  and  syphilis;*  and  consequently,  in  those 
cases  in  which  the  protective  forces  against  infection  that  belong  natu- 
rally to  every  man  prove  to  be  insufficient,  an  infection  would  be  sure 
to  follow  exposure,  at  least  in  the  great  majority  of  instances.  It  maj- 
also  be  assumed  that  the  grade  of  suscepAihility  for  these  diseases  is  not 
equally  great  in  all  individuals  and  that  it  varies  in  the  same  pjerson  at 
different  times.  Thus  in  epidemics  of  measles  certain  children  who  are 
exposed  to  infection  escape,  and  later  in  life  are  taken  ill  during  some 
subsequent  epidemic, — a  circumstance  which  in  many  cases  can  be  ex- 
plained only  by  the  supposition  that  the  individual  was  for  the  time 
but  slightly  susceptible  to  measles.  Excessive  bodily  exertion,  as  it 
appears,  favors  the  entrance  of  an  infectious  disease  into  the  system. 
Diabetes  mellitus  predisposes  a  person  to  tuberculous  and  suj^pura- 
tive  infections. 

For  the  acquisition  of  many  infections  a  peculiar  local  predisposition 
is  often  necessary,  which  is  gained  by  local  tissue-changes,  such  as 
wounds,  excoriations,  and  the  formation  of  ulcers.  In  such  cases,  there- 
fore, the  disease  appears  as  a  wound=infection. 

To  this  class  belong  many  forms  of  suppurations,  erysipelas,  tetanus, 
hydrophobia,  and,  in  part,  tuberculosis,  syphilis,  glanders,  anthrax, 
and  other  diseases ;  and  although  any  of  these  diseases  may  occasion- 
ally be  produced  by  infection  through  intact  mucous  membrane  or  skin 
or  lung  tissue,  in  the  majority  of  cases  a  traumatic  injury  or  an  ulcera- 
tion furnishes  the  required  locus  rainoris  resistentice  from  which  the 
infection  can  take  its  start.  Thus,  for  instance,  the  suppurative  inflam- 
mations produced  by  the  so-called  pus-cocci  are  mostly  diseases  which 
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originate  in  wounds,  excoriations,  or  ulcers ;  and  in  the  last  case  they 
often  represent  secondary  infections,  which  follow  other  infections  that 
have  resulted  in  the  production  of  ulcers.  Furthermore,  they  are  fre- 
quently encountered  in  some  part  of  the  genital  apparatus  after  parturi- 
tion—i.e.,  in  tissues  which,  by  reason  of  the  childbirth,  are  torn  or 
crushed,  or,  through  the  rubbing  off  of  the  epithelium  and  the  sux)er- 
ficial  layers  of  the  connective  tissue  (as  in  the  uterus),  are  laid  open  to 
the  invasion  of  bacteria.  Similarly,  erj^sipelas  and  tetanus  are  diseases 
which  ordinarily  develop  from  small  wounds,  and  the  infection  called 
hydrophobia  is  almost  always  caused  by  the  bite  of  an  animal  having 
rabies.  Finally,  we  may  also  assume  that  the  virus  of  tuberculosis  or 
of  syphilis  very  often  enters  the  tissues  only  where  a  local  lesion  has 
taken  place. 

The  predisposition  to  diseases  ivhich  are  not  of  an  infections  wigin  is 
manifested  particularly  in  those  morbid  affections  which  occur  as  the 
result  of  overexertion,  as  exliaastive  conditions ;  and  also  in  those  which 
are  the  result  of  temperature  variations,  such  as  the  diseases  due  to 
chilling  of  the  body  or  to  the  effects  of  heat-stroke.  But  this  predisposi- 
tion may  also  play  a  prominent  part  in  still  other  diseases,  as,  for 
instance,  in  various  forms  of  i^oisoning.  Mental  labor  and  psychical 
irritations,  of  which  human  life  is  full,  can  x:)roduce  illness  in  predis- 
posed individuals — i.e.,  in  those  avIio  have  a  certain  weakness  or  imx)er- 
fect  resisting  power  of  the  central  nervous  system  when  subjected  to  the 
demands  made  upon  it;  while  in  the  majority  of  men  the  same  amount 
of  work  will  do  no  harm.  It  is  well  known  that  the  functional  capacity 
for  work  of  the  muscles  is  very  different  in  different  individuals,  and 
that  consequently  many  are  easilj^  tired ;  it  is  also  known  that  many  are 
very  susceptible  to  heat  and  cold.  Illness  and  death  from  heat-stroke 
occur  only  in  a  small  percentage  of  individuals  who  find  themselves 
situated  in  exactly  the  same  circumstances — i.e.,  in  those  who,  under 
the  conditions  named,  are  unable  to  endure  the  strain  laid  upon  them. 
By  chilling  of  the  entire  body,  or  of  certain  i:)ortions  of  it,  which  the 
majority  of  individuals  can  bear  without  receiving  harm,  many  are  made 
ill,  and  there  are  individuals  who  have  an  excessive  susceptibility  to 
influences  of  this  nature. 

The  lüeakened power  of  resistance  to  outward  influences,  and  the  easy 
exhaustion  from  work,  constitute,  in  many  cases,  an  individual  peculi- 
arity of  congenital  origin — a  peculiarity  which  sometimes  appears  only 
in  childhood  and  is  then  outgrown,  and  sometimes  persists  throughout 
life.  In  other  cases  it  is  an  acquired,  state,  which  shows  itself  especialh' 
in  convalescence  from  severe  illness,  and  gradually  disappears.  Under 
certain  conditions  it  may  prove  to  be  a  permanent  sequela  of  the  illness 
out  of  which  it  developed. 

\d\osj^ncjiß.sy  in  regard  to  certain  injurious  influences  is  generally 
congenital;  at  times,  however,  it  is  an  acquired  peculiarity  of  certain 
individuals,  often  showing  itself  in  most  peculiar  ways.  Thus,  for  ex- 
ample, the  eating  of  fresh  fruit,  or  of  sugar,  or  of  salad,  produces,  in 
certain  individuals,  nofasea  and  vomiting.  Others  have  an  aversion  to 
eating  dishes  prepared  from  liver  or  kidneys,  and  become  ill  if  they 
compel  themselves  to  eat  these  foods.  •  Still  others  have  a  peculiar  dis- 
ease, called  urticaria,  after  eating  crawfish,  lobster,  strawberries,  rasp- 
berries, morels,  or  asparagus.  The  disease  is  characterized  by  itchy 
wheal-formations,  characteristic  skin-lesions,  or  abdominal  cramps  and 
vomiting.     Not  a  few  persons  are  unable  to  drink  boiled  milk  without 
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experiencing  trouble  therefrom.  Alcohol,  even  in  very  small  doses,  may 
in  certain  individuals  produce  marked  excitation,  or  even  narcosis,  or 
marked  vaso-motor  derangements.  The  drinking  of  cocoa  can  produce 
cardialgia  and  dyspeptic  symptoms.  Doses  of  morphine  or  chloroform 
that  are  borne  by  the  majority  of  men  without  injury  may  produce,  in 
certain  individuals,  severe  symptoms  or  even  death.  A  few  individuals 
manifest  a  high  degree  of  sensitiveness,  on  the  part  of  the  mucous  mem- 
brane of  the  respiratory  tract,  to  the  effects  of  the  pollen  of  certain 
grasses;  and  accordingly,  upon  the  arrival  of  the  hay-making  time, 
through  the  inhalation  of  the  pollen  which  are  floating  everywhere  in 
the  air,  these  individuals  manifest  symptoms  of  catarrhal  inflammation 
of  the  nasal  passages  and  the  conjunctivae,  and  often  also  of  the  larynx, 
the  trachea,  and  the  bronchial  tubes.  To  these  catarrhal  symptoms, 
which  in  the  severe  cases  may  be  accompanied  by  asthma  and  fever, 
the  name  of  hay-fever  or  liay-astkma  is  given.  Washing  the  skin  with 
disinfecting  fluids — as,  for  example,  with  sublimate  or  carbolic-acid 
solutions — in  a  strength  usually  borne  without  trouble,  may  cause  not 
only  local  derangements  of  sensation  and  inflammation,  but  also,  under 
certain  circumstances,  an  eczema  which  spreads  over  the  greater  part  of 
the  body. 

On  what,  in  particular  cases,  the  idiosyncrasy  depends  is  not  clear. 
In  many  cases  we  may  look  upon  a  peculiar  irritability  of  certain  por- 
tions of  the  nervous  system  as  the  cause  of  the  symptoms.  In  acquired 
idiosyncrasy — with  regard,  for  instance,  to  the  taking  of  certain  foods- 
psychical  factors  may  play  a  part. 

Immunity,  like  predisposition,  is  a  peculiarity  which  plays  an  es- 
sential role  in  the  pathogenesis  of  the  infectious  diseases,  and  the  term 
"immunity  "  is  used  to  characterize  the  behavior  of  an  individual  with 
regard  to  infection.  If  a  person  is  so  constitued  that  the  parasites  under 
consideration  cannot  grow  in  his  tissues,  this  condition  is  termed  immu- 
nity, in  the  narrow  sense  of  the  term;  if  the  peculiarity  of  the  individ- 
ual is  of  such  a  nature  that  the  poisons  produced  by  the  bacteria  are, 
for  him,  harmless  and  produce  no  effect,  one  speaks  of  it  as  insuscepti^ 
bility  to  poisons,  and  uses  this  term  also  in  cases  in  which  a  person  shows 
special  powers  of  resistance  when  exposed  to  the  influence  of  other  poi- 
sons— as,  for  instance,  those  which  come  from  the  phanerogamous  plants 
or  from  animals. 

Immunity  and  insusceptibility  to  the  poisons  of  infections  and  intoxica- 
tions are  partly  congenital,  partly  acquired,  and  form,  when  they  have 
existed  from  birth,  a  peculiarity  which  may  belong  to  all  men,  or  may 
be  possessed  by  only  a  few  individuals.  Man  is  immune  from  various 
infectious  diseases  that  are  common  to  domestic  animals — for  instance, 
hog-cholera,  symptomatic  anthrax,  and  hen-cholera — while  he  is  sus- 
ceptible to  the  infection  of  anthrax  and  glanders.  So  far  as  tubercu- 
losis and  actinomycosis  are  concerned,  he  is  just  about  as  susceptible 
to  infection  as  are  beeves,  sheep,  goats,  and  swine.  There  is  an  appar- 
ent immunity  from  scarlet  fever  in  the  case  of  a  large  number  of  persons ; 
and  even  as  regards  measles,  small-pox,  cholera,  and  influenza  there 
exists  in  many  persons  a  relative  immunity.  At  all  events,  it  happens 
that  only  a  relatively  small  percentage  of  the  population  acquire  scarlet 
fever,  and  also  that,  in  regions  where  cholera  and  measles  appear  re- 
peatedly as  epidemics,  a  portion  of  the  population  escape — a  circum- 
stance which  cannot  be  explained  by  the  statement  that  these  persons 
did  not  happen  to  come  in  contact  with  the  infective  poison  which  is 
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necessary  for  the  production  of  the  disease,  but  must  be  ascribed  in  part 
to  the  fact  that  their  bodies  were,  at  the  time  the  \drus  entered,  not  re- 
ceptive, or  at  least  were  only  slightly  so,  so  that  the  natural  resistant 
power  of  the  bod}^  was  able  to  prevent  the  infection.  It  cannot,  how- 
ever, be  determined  in  these  cases  whether  this  immunity  was  absolute 
and  general,  or  whether,  at  the  point  of  infection,  there  were  special 
local  conditions  which  caused  the  infection  to  be  supx)ressed.  It  is  an 
interesting  fact  that  the  escape  of  an  individual  who  has  been  often 
exjjosed  to  infection  during  an  epidemic  is  no  guaranty  that  he  jjossesses 
a  lasting  immunitj^,  since  experience  has  shown  that  infection  may  take 
place  during  a  later  epidemic  or  later  on  during  the  same  epidemic. 
The  immunity  may  therefore  be  temporary  and  at  the  same  time  only 
relative ;  and  it  is  probable  that  at  certain  times  a  stronger  predisposi- 
tion may  be  present. 

Concerning  natural  immimity  from  tJie  effects  of  poisons  or  natural  lack 
of  susceptibility  to  poisons,  we  know  little  at  tlie  present  time;  still,  with- 
out doubt,  many  poisons  are  poisonous  only  to  certain  organisms,  and 
it  is  probable  that  mankind  is  relativeh^  insusceptible  to  many  i)oisons 
that  are  deadly  to  certain  animals.  This  is  true,  for  example,  with 
regard  to  the  toxic  proteids  and  the  organic  bases  which  are  derived 
from  bacteria  and  also  from  higher  animals  (serpents)  and  plants.  If 
one  takes  into  consideration  that  many  animals  are  slightly  or  not  at  all 
susceptible  to  poisons  which  act  powerfully  upon  the  human  body — 
that,  for  instance,  the  hedgehog  is  not  susceptible  to  the  cantharidal 
■poison  and  to  the  bite  of  poisonous  snakes;  that  birds  experience  no 
bad  effects  from  atropine  and  opium,  nor  goats  from  lead  and  nicotine; 
and,  finally,  that  dogs,  rats,  and  other  animals  used  in  experiments  show 
a  relatively  greater  resisting  power  to  bacterial  poisons  and  also  to  vege- 
table alkaloids  than  does  the  human  being — it  seems  very  probable  that 
the  converse  may  also  be  true.  From  this  it  would  be  proper  to  con- 
clude that  the  natural  insusceptibility  of  man  to  many  of  the  infectious 
diseases  of  animals  rests  upon  his  iDowers  to  resist  the  toxalbumins  and 
toxins  which  the  bacteria  belonging  to  these  diseases  produce. 

The  acquisition  of  relative  or  absolute  immunity  from  i^oison in g  hy  cer- 
tain infecting  germs  and  poisonous  substances  is  generally  produced  by 
either  a  single  infection  or  intoxication,  or  by  repeated  infections  or 
intoxications,  which  leave  behind  such  an  effect  upon  the  body  that  it 
is  no  longer  susceptible  to  the  corresponding  micro-organisms  or  poi- 
sons— in  other  words,  that  it  can  no  longer  be  made  ill  by  these  micro- 
organisms or  poisons.  Besides,  it  often  happens  that  the  fact  of  an 
individual's  having  passed  through  an  attack  of  an  infectious  disease 
confers  on  him  a  relative  or  absolute  insusceptibility  to  a  disease  which 
is  closely  related  to  it. 

The  great  importance  which  natural  predisposition  and  immimity  possess  with 
reference  to  the  origin  of  infections  diseases  is  confirmed  not  only  by  the  consideration 
of  the  spread  of  plagues  among  men  and  animals,  but  much  more  by  numerous  experi- 
mental researches.  If  a  mixture  of  diverse  bacteria  is  injected  into  an  animal,  only  a 
part  of  them  develop  and  produce  tissue-changes  ;  the  others  die.  If  the  same  mixture 
is  injected  into  another  animal  of  a  different  species,  the  bacteria  which  develop  will 
be  of  different  varieties  from  those  which  developed  in  the  first  instance.  Further,  a 
certain  kind  of  Schizomycetes,  inoculated  into  a  certain  species  of  mouse,  produces  cer- 
tain death,  but  when  the  same  kind  is  injected  into  another  species  of  mouse  it  proves 
harmless.  Mice  are  very  susceptible  to  anthrax  ;  rats  are  nearly  immune.  The  poison 
of  the  so-called  septicsemi  a  of  rabbits  kills  with  absolute  certainty  rabbits  and  mice; 
guinea-pigs  and  rats  are,  on  the  contrary,  immune,  while  sparrows  and  pigeons  are  sus- 
ceptible to  the  poison.     The  spirilla  of  relapsing  fever  can  be  successfully  inoculated 
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only  in  apes.  Gonorrhoea,  syphilis,  and  leprosy  cannot  be  snccessfully  inoculated  into 
any  species  of  animals. 

Different  animals  of  the  same  species,  but  of  different  ages,  show  dissimilar  be- 
havior in  this  regard.  Young  dogs  are  easily  infected  by  anthrax  (Koch),  while  old 
ones  are  not. 

Diverse  experiments  have  shown  that,  by  suitable  action  upon  the  tissues,  an  exist- 
ing immunity  from  the  effects  of  a  certain  infection  can  be  rendered  powerless.^ 

According  to  Roger,-  the  natural  immunity  of  rabbits  and  pigeons  in  respect  to  an- 
thrax can  be  overcome  by  injecting  the  non-pathogenic  Bacillus  prodigiosus  at  the  same 
time  that  the  anthrax  is  inoculated.  The  effective  agent  in  this  procedure,  according  to 
this  author,  is  a  decomposition  product  of  the  prodigiosus  thsit  is  soluble  in  glycerin,  and 
that  produces  a  modifying  action  on  the  organism. 

According  to  Gottstein, -^  guinea-pigs  may  be  made  susceptible  to  the  subcutaneous 
injection  of  hen-cholera  bacilli,  in  respect  to  which  they  have  a  natural  immunity,  by 
previously  injecting  subcutaneously  substances  which  dissolve  blood-corpuscles,  as 
hydracetin  or  pyrogallol ;  and  he  is  of  the  opinion  that  toxic  substances  which  make 
men  or  animals  susceptible  to  infections  act  chiefly  through  their  power  of  dissolving 
the  blood-corpuscles.  According  to  Leo,^  white  mice,  which  are  immune  in  respect  to 
glanders,  may  be  made  susceptible  by  mixing  with  their  food  a  slight  amount  of  phlo- 
ridzin,  which  produces  a  toxic  diabetes. 

According  to  Canalis  and  Morpurgo,^  pigeons  may  be  made  susceptible  to  anthrax 
by  hunger.  According  to  Lode,  simple  chilling  of  the  body  is  capable  of  increasing 
the  susceptibility  to  infections. 


The  special  diseases  to  which  the  new-born  frequently  succumb  (aside  from  those 
which  begin  in  intra-uterine  life)  are  dependent  partly  upon  a  pathological  weakness  of 
the  entire  organism  (especially  in  those  born  prematurely),  partly  upon  the  particular 
surroundings  in  which  they  are  placed.  Asphyxia,  which  is  of  such  frequent  occurrence, 
may  originate  either  from  a  weakness  of  the  body  or  from  pathological  influences  exerted 
during  delivery.  Infectious  diseases  may  be  acquired  from  infection  through  the  cord, 
or  through  the  accessible  mucous  membranes  and  the  respiratory  apparatus,  during  the 
passage  through  the  parturient  canal.  Hemorrhages  are  dependent  partly  upon  traumatic 
influences  during  birth  and  partly  upon  circulatory  disturbances  and  infections. 
Icterus  in  the  new-born  is  sometimes  the  result  of  a  change  in  the  mode  of  nutrition 
(reabsorption  of  the  bile  out  of  the  meconium)  ;  sometimes,  however,  it  is  the  result  of 
infection. 

Children  are,  according  to  the  observations  of  medical  men,  more  susceptible  than 
grown  people  to  many  infections ;  this  is  particularly  true,  for  instance,  with  regard  to 
whooping-cough,  diphtheria,  measles,  and  scarlet  fever.  In  this  connection  it  should  be 
noted  that  the  slight  liability  or  the  immunity  of  many  grown-up  people  is  due  to  the 
fact  that  they  became  immune  through  having  had  the  disease  during  childhood. 
Further,  it  is  to  be  remarked  that  children  are  more  exposed  to  certain  diseases — for 
instance,  tuberculosis— than  grown  people. 

In  advancing  years  hemorrhages,  softening  of  the  brain  and  heart,  cancerous  growths 
and  the  formation  of  gall-stones  are  especially  frequent.  Arterial  diseases,  designated 
by  the  term  arteriosclerosis,  and  also  gout,  are  seen  already  in  the  later  years  of  middle 
life.  This  predisposition  in  old  age  to  certain  diseases  depends  in  part  upon  degenerative 
processes,  associated  with  early-developed  senility  of  the  tissues  ;  in  part  also  upon  the 
circumstance  that  certain  effects  which  years  bring  with  them  gradually  accumulate,  so 
that  finally  the  alterations  which  they  produce  become  so  prominent  that  they  lead  to 
distm'bance  of  function,  and  ultimately  to  recognizable  morbid  conditions.  In  general 
it  is  to  be  observed  that  many  pathological  symptoms  of  old  age  are  secondary  diseases, 
which  show  themselves  only  after  other  tissue-changes  have  reached  a  certain  degree. 
We  may  mention,  for  example,  hemorrhages  of  the  aged,  senile  gangrene,  and  softening 
of  the-  brain  and  heart,  resulting  from  morbid  processes  in  the  arteries. 

The  predisposition  of  the  sexes  to  special  diseases  depends,  in  the  first  place,  upon  the 

^  Sirotinin,  "Die  Uebertragung  von  Typhusbacillen  auf  Versuchsthiere. "  ZeiiscÄr. 
/.  fii/Sr.,  i.,  1880. 

2  "  Contribution  ä  I'etude  experimentale du  charbon  symptomatique,"  Bevue  de  med., 
1891. 

^"Beiträge  zur  Lehre  von  der  Septikämie."  Deutsche  med.  Wochenschr.,  1890. 

■^"Beiträge  zur  Immunitätslehre,"  Zeitschr.  f.  Hyg.,  vii.,  1890. 

^"Ueberden  Einfluss  des  Hungers  auf  die  Empfänglichkeit  für  Infectionskrank- 
heiten,^^  Fortschr.  d.  Med.,  viii. 
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peculiar  construction  and  special  functions  of  the  genital  organs  ;  the  conditions  present 
in  pregnancy  and  during  the  Puerperium  furnishing  a  particularly  favorable  field  for 
many  diseases,  as,  for  instance,  infections  from  wounds.  In  general  the  diverse  rela- 
tions of  the  sexes  to  certain  diseases  are  explained  by  the  differences  which  exist  be- 
tween men  and  women  as  regards  their  respective  modes  of  earning  a  livelihood,  and, 
further,  by  the  differences  in  the  respective  habits  of  the  sexes. 

Differences  in  the  predispositions  of  different  races  are  shown  in  such  diseases  as 
malaria  and  dysentery,  to  which  negroes  are  in  general  less  liable  than  Europeans. 
The  Japanese  are  said  to  be  more  susceptible  to  beriberi  than  Europeans, 

§  30.  The  acquiring  of  immunity  with  respect  to  a  particular  in= 
fectious  disease  is  a  thing  of  frequent  occurrence,  and  has  been  known 
for  a  long  time  past  bv  clinical  observers  to  be  a  well-established  fact. 
This  fact  is  established  principally  by  the  observation  that  the  greater 
number  of  men  are  ill  only  once  with  any  of  the  infections  such  as 
measles^  small-pox,  whooping-cough,  scarlet  fever,  and  diphtheria,  and 
that  after  such  an  attack  they  remain  exempt  from  the  influence  of  this 
particular  disease  even  when  they  expose  themselves  in  all  sorts  of  ways 
to  the  danger  of  contracting  it.  The  knowledge  of  this  fact  is  old,  and 
early  in  the  eighteenth  century  it  gave  rise,  in  the  Orient,  to  attempts 
to  produce  in  men  immunity  against  the  natural  contagion  of  small- pox 
by  the  inoculation  of  material  from  the  pustules  of  the  disease.  In  the 
latter  part  of  the  last  century.  Jenner  discovered  that  the  disease  called 
cowpox — i.e.,  a  milder  form  of  pox,  which  is  either  a  special  variety  of 
disease  closely  allied  to  human  small-pox,  or  a  weaker  form  of  the  latter — 
also  afford ed-protection  against  the  true  small-pox.  As  a  result  of  this 
observation,  since  the  beginning  of  the  year  1796,  at  first  by  Jeuner 
himself,  and  after  him  by  the  i)ractitioners  of  all  the  ci^dlized  world, 
artificial  inoculations  of  cowpox  have  been  carried  out  upon  millions  of 
men,  and  with  the  result  that  through  these  inoculations  a  high  degree 
of  immunity  from  the  true  small-pox  has  been  secured,  so  that  at  the 
present  time,  in  countries  where  vaccination  is  practised  universally,  we 
no  longer  have  the  extraordinarily  widespread  epidemics  of  small-pox 
which  were  constantly  occurring  in  former  years,  nor  does  the  disease 
any  longer  assume  the  form  of  a  dangerous  epidemic. . 

The  investigations  with  regard  to  the  causes  and  origin  of  infectious 
diseases  which  have  been  undertaken  during  the  last  ten  or  fifteen  years, 
and  which  have  covered  such  a  remarkably  wide  extent  of  pathological 
territory,  have  shown  that  the  acquisition  of  immunity  against  a  cer= 
tain  infectious  disease  is  secured  by  a  person's  having  once  passed 
through  an  attack  of  that  disease,  and  that  this  mode  of  acquiring 
immunity  holds  good  for  a  number  of  infectious  diseases,  especially 
those  w^hich  run  an  acute  course ;  furthermore,  that  this  immunity  is 
sometimes  a  transitory,  sometimes  an  enduring  peculiarity  of  the  indi- 
vidual who  has  had  such  an  attack  of  the  disease ;  and,  finally,  that 
when  a  pregnant  woman  acquires  immunity  she  may  transmit  it  to  her 
child  in  utero.  These  observations  have  also  shown  that  the  inocula= 
lion,  performed  either  once  or  repeatedly,  of  attenuated  pathogenic 
bacteria — i.e.,  of  bacteria  which,  on  account  of  their  decreased  viru- 
lence, produce  a  disease  that,  in  contrast  to  the  natural  infection  with 
bacteria  of  full  virulence,  is  merely  a  trifling  affair,  often  confined  to 
a  circumscribed  area— can  also  bestow,  upon  the  individual  so  treated, 
immunity  with  regard  to  the  corresponding  disease.  It  has  even  been 
demonstrated  that,  for  the  production  of  insusceptibility  to  a  certain 
disease,  it  suffices  to  inject  certain  chemical  substances  produced  by 
the  bacteria  of  that  disease. 
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In  explaining  how  immunity  from  an  infectious  disease  is  acquired 
through  the  fact  of  once  having  had  the  disease,  or  by  inoculation,  we 
can  as  yet  give  only  hypotheses ;  but  it  is  a  matter  beyond  dispute  that 
the  last  few  years  have  brought  great  increase  to  our  knowledge  concern- 
ing the  forces  which  effect  this  immunity,  and  we  have  now  reached  a 
point  where  we  at  least  know  in  what  direction  further  researches  should 
be  made. 

After  Pasteur  had,  in  1880,  by  experimentation  proved  that  chickens 
could  be  made  insusceptible  to  chicken-cholera  by  inoculation  with 
attenuated  chicken-cholera  poison,  and  after  it  had  been  established  by 
the  repeated  researches  of  various  authors  that  similar  results  could  be 
obtained  with  anthrax,  symptomatic  anthrax,  and  hog-cholera,  they  be- 
lieved they  could  explain  acquired  immunity  by  saying  that,  through 
either  the  inoculation  or  the  first  overcoming  of  the  particular  infec- 
tious disease,  the  food-material  in  the  body  had  been  destroyed  (Pas- 
teur, Klebs),  and  consequently  that  the  bacteria  which  entered  the  body 
later  were  unable  to  find  food  for  themselves.  This  theory,  termed  the 
exhaustive  theory^  does  not  agree  with  the  observed  facts,  and  conse- 
quently at  present  it  is  generally  no  longer  advocated.  Metschnikoif 's 
view  that,  in  consequence  of  the  preventive  inoculations,  the  mesoder- 
mic  cells  become  accustomed  to  the  inroads  made  upon  their  substance 
by  the  previously  undisturbed  virulent  bacteria,  and  that  when  the  lat- 
ter are  again  introduced  they  quickly  take  them  up  and  destroy  them, 
cannot  in  any  wise  be  considered  as  an  hypothesis  possessing  scientific 
foundations. 

According  to  the  facts  which  have  been  ascertained  by  investigations 
concerning  the  natural  protective  powers  of  the  body  against  infections, 
and  concerning  the  natural  mode  of  recovery  from  such  infections,  as 
also  by  the  experiments  made  with  regard  to  protective  inoculation  and 
with  regard  to  the  artificial  healing  of  infective  diseases,  it  is  very  prob- 
able that  the  acquired  immunity  is  dependent  upon  the  presence  of 
certain  chemical  substances  ivhich  are  either  poisonous  to  the  particular 
variety  of  bacteria  under  consideration,  or  in  some  manner  or  other  render 
harmless  the  poisonous  products  formed  by  these  bacteria.  (This  is  known 
as  the  poison  theory. )  It  remains  an  unsettled  question,  however,  whether 
these  substances  are  the  product  of  the  bacteria  or  of  the  body-cells ; 
further,  whether  the  abolition  of  the  poisonous  action  of  the  bacterial 
toxalbumins  and  toxins  results  from  their  destructive  decomjiositioi],  or 
from  the  formation  of  some  harmless  combination  of  these  substances, 
or  from  an  immunizing  of  the  cells  with  respect  to  these  particular 
poisons. 

Some  light  is  thrown  upon  this  question  by  the  past  experiences  in 
regard  to  the  different  ways  in  which  it  is  possible  to  obtain,  not  only 
in  experimental  animals,  but  also  to  a  certain  extent  in  the  human  being, 
immunity  as  regards  certain  infectious  diseases.  Some  further  light  is 
also  obtained  from  experiments  concerning  the  artificial  healing  of  infec- 
tions which  have  already  become  manifest.  As  heretofore  stated,  it  is 
possible  in  animals  to  produce,  in  agreement  with  the  results  obtained 
by  Jenner's  cowpox  inoculation,  an  immunity  through  the  inoculation 
of  attenuated  specific  disease=germs.  This  has  been  accomplished, 
for  instance,  in  anthrax,  in  symptomatic  anthrax,  in  chicken-cholera,  in 
diphtheria,  and  in  swine-plague. 

The  weakening  of  the  virulence  of  bacteria  is  produced  either  by  the 
action  of  high  temperatures  or  by  that  of  chemical  agents,  or  by  the  air 
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only ;  further,  it  is  also  produced  by  the  inoculation  of  certain  animals 
with  the  bacteria,  and  by  long-continued  cultivation  of  them  on  artificial 
media.  Inoculation  is  generallj^  carried  out  by  injecting  first  markedly 
attenuated,  then  less  attenuated,  and  finally  fully  virulent  bacteria,  along 
with  their  products,  beneath  the  skin. 

According  to  the  investigations  of  numerous  authors,  immunity  may 
be  produced  by  the  injection  of  sterilized  cultures  m  which  the  con- 
tained bacteria  are  dead.  The  diseases  which  may  be  warded  off  in 
this  manner  are  the  following :  American  hog-cholera,  symptomatic  an- 
thrax in  cattle,  diphtheria,  the  infectious  disease  produced  in  rabbits  by 
the  injection  of  the  Bacillus  pyocycmens,  and  the  infection  produced  in 
guinea-pigs  experimentall}'  by  cholera-spirilla.  Probably  the  immuniz- 
ing substances  are  contained  in  the  cell-substance  of  the  bacteria  (Brieger, 
Kitasato,  Wassermann). 

A  third  form  of  artificial  immunizing,  which  Raynaud  tried  as  early 
as  in  1877,  but  which  was  first  securely  established  by  Behring  in  1890, 
can  be  produced  by  the  injection,  into  an  experimental  animal  or  even 
into  man,  of  bIood=serum  taken  from  animals  which  were  previously 
susceptible,  but  which  have  been  artificially  rendered  immune  by 
means  of  inoculations.  The  most  extensive  and  at  the  same  time  the 
most  successful  experiments  thus  far  made  have  related  to  tetanus  and 
diphtheria — that  is,  to  diseases  in  which  the  most  striking  feature  is  an 
intoxication  by  means  of  toxalbumins.  Besides  these,  reports  have  been, 
published  of  successful  experiments  with  the  blood-serum  of  immunized 
animals  in  cholera,  swine-plague,  anthrax,  typhoid  fever,  and  the  i^lague. 

The  specific  protection  which  the  blood-serum  afiords  can  be  secured 
not  only  by  injections  which  are  made  before  infection  takes  place,  but 
also  by  injections  which  are  made  after  infection  has  already  occurred; 
thus  justifying  us  in  speaking  of  the  serum  not  only  as  a  j^yotective,  but 
also  as  a  healing  serum.  Further  experience  has  also  shown  that  both 
for  the  prevention  and  for  the  cure  of  a  particular  infection  a  certain 
amount  of  serum  is  necessary,  the  precise  amount  depending,  on  the  one 
hand,  upon  the  severity  of  the  infection,  and,  on  the  other,  upon  the 
activity  of  the  serum  itself,  which  increases  with  the  completeness  of 
the  immunizing  of  the  original  susceptible  individual  who  furnished  the 
serum.  If  the  injection  is  not  made  until  after  the  infection  has  oc- 
curred, the  amount  of  serum  injected  must  be  greater  the  longer  the 
time  which  has  elapsed  since  the  infection  took  jDlace. 

In  the  case  of  diphtheria  the  injection  of  curative  diph-theria-serum 
has  now  been  resorted  to  in  thousands  of  cases  of  the  disease — the  se- 
vere forms  as  well  as  the  mild  ones — and  there  can  no  longer  be  any 
doubt  in  regard  to  its  beneficial  effects  upon  the  course  of  the  disease ; 
these  effects  manifesting  themselves  in  the  establishment  of  a  rapid  im- 
provement of  the  patient's  general  condition  (increasing  bodily  comfort, 
diminution  in  the  fever-temperature,  and  improvement  in  the  state  of 
the  pulse)  and  also  in  the  favorable  course  pursued  by  the  local  disease. 
In  tetanus  the  curative  effects  of  the  serum  treatment  have  been  well  es- 
tablished, so  far  as  experimental  animals  (e.g.,  guinea-pigs  and  mice) 
are  concerned;  but  it  has  not  yet  been  surely  established  that  the  same 
effects  can  be  produced  in  the  human  being. 

The  blood-serum  of  immunized  animals  exerts  its  beneficial  effects, 
without  any  doubt,  through  the  presence  in  it  of  an  antitoxin,  which 
neutralizes  the  poisons  produced  by  the  bacteria.  In  the  case  of  pa- 
tients, therefore,  who  have  been  treated  \\iih.  a  certain  antitoxin— as. 
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for  instance,  with  the  antitoxin  of  diphtheria — there  is  estaolished  an 
immunity  from  the  effects  of  the  corresponding  poison — that  pro- 
duced by  the  diphtheria  bacilli,  in  the  case  supposed ;  and  this  immu- 
nity is  to  be  ascribed  to  the  presence,  in  the  circulating  blood,  of  a  fixed 
amount  of  this  antitoxin. 

It  has  not  yet  been  ascertained  what  is  the  chemical  nature  of  the 
antitoxins,  the  presence  of  which  in  a  great  variety  of  infections  and  in- 
toxications (diphtheria,  tetanus,  pneumonia,  snake  poisons,  ricin,  abrin) 
has  been  demonstrated.  It  is  probable,  however,  that  they  should  be 
classified  as  albuminous  bodies.  Their  effective  power  is  presumably 
that  of  destroying  the  specific  bacterial  poisons  (Behring) ;  it  is  also 
possible  that  they  simply  render  the  tissues  insusceptible  to  the  effects 
of  these  poisons  (Büchner,  Tizzoni,  and  others) . 

Apart  from  the  antitoxins  the  blood-serum  of  animals  or  of  human 
beings  who  have  been  rendered  immune  may  also  contain  bacterial 
substances  which  are  capable  of  injuring  or  killing  the  bacteria  them- 
selves ;  and  it  is  claimed  that  this  is  true  of  cholera  and  typhoid  fever 
infections  (R.  Pfeiffer,  Gruber,  Durham) ,  and  of  the  infections  caused 
by  the  pneumococci  (Emmerich) . 

The  origin  of  the  immunizing  substance  in  the  blood  is  still  an 
unsolved  problem.  One  may  suppose  that  it  is  the  product  of  an  espe- 
cial activity  of  the  cells  of  the  infected  organism;  yet  it  is  very  difficult 
to  reconcile  tliis  theory  with  the  fact  that  these  substances  which  pro- 
duce immunity  protect  only  against  the  particular  form  of  disease  in 
whose  course  they  have  originated;  the  tetanus  antitoxin,  for  instance, 
being  active  only  against  tetanus,  and  the  diphtheria  antitoxin  only 
against  diphtheria.  It  is  better  to  exjjlain  the  phenomena  by  the  sup- 
position that  the  antitoxins  are  substances  which  are  produced  by  the 
bacteria  themselves,  or  that  the  bacteria  at  least  provide  the  material 
for  the  making  of  the  antibody.  Büchner  is  of  the  opinion  that  the 
antitoxins  are  specific  bacterial  cell-substances.  On  this  theory  the  im- 
munization b}^  means  of  healing  serum  would  be  effected  in  somewhat 
the  same  manner  as  it  is  by  the  injection  of  sterilized  or  attenuated  bac- 
terial cultures.  The  distinguishing  characteristics  of  the  different  modes 
of  immunizing  may  then  be  stated  as  follows :  in  the  injection  of  attenu- 
ated cultures  (vaccine)  the  production  of  the  immunizing  substance 
occurs  partly  in  the  cultures,  partly  in  the  person  inoculated;  in  the 
injection  of  sterilized  cultures  it  takes  place  only  in  the  cultures;  and, 
finally,  in  injections  of  the  so-called  healing  serum  it  takes  place  in  the 
animal  from  which  the  serum  is  obtained. 

If  the  organism  itself  produces  the  immunizing  substance,  it  is  cus- 
tomary to  speak  of  this  as  active  immunization.  On  the  other  hand,  if 
already  prepared  immunizing  substances  are  introduced  into  the  organ- 
ism from  without,  the  i^rm. imssive  immunization  is  employed. 

For  the  foundation  researches  in  regard  to  attenuated  inoculation  cultui-es  grown 
in  culture-media  outside  the  body  we  must  thank  Pasteur,  who.  in  the  year  1880,  dis- 
covered the  fact  that  by  the  inoculation  of  cultures  of  chicken-cholera  bacilli,  which  had 
become  attenuated  by  remaining  for  a  long  time  in  the  air,  chickens  could  be  made  in- 
susceptible to  this  disease. 

Since  that  time  numerous  experiments  have  been  carried  on  with  other  forms  of 
bacteria — for  example,  with  attenuated  anthrax-bacilli  and  with  symptomatic  anthrax- 
bacilli.  The  best  results  have  been  obtained  from  inoculations  of  cattle  against  symp- 
tomatic anthrax.  The  results  obtained  by  the  inoculation  of  anthrax  have  been  less 
successful,  a  portion  of  the  animals  dying  from  the  inoculation,  while  in  others  no  ab- 
solute immunity  was  obtained  against  a  Dew  anthrax  infection. 
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Sheep  and  cattle  may  be  made  insusceptible  to  anthrax,  and  most  easily  in  the  fol- 
lowing manner  (Koch) :  they  are  first  inoculated  with  attenuated  bacilli  which  will  kill 
mice,  but  not  guinea-pigs  ;  then  with  bacilli  which  will  kill  guinea-pigs,  but  not  strong 
rabbits. 

As  vaccine  agg^inst  symptomatic  anthrax,  bacteria  should  be  employed  which  have 
been  attenuated  by  heat  or  by  chemical  agents,  such  as  sublimate  solutions,  thymol, 
eucalyptol,  and  nitrate  of  silver;  and  by  inoculations  of  this  character  cattle  may  be 
rendered  immune.  At  the  present  time  heat  is  most  commonly  used  in  preparing  the 
vaccine  (Hess,  Kitt).  A  piece  of  infected  muscle  is  taken  from  an  animal  that  has  died 
of  symptomatic  anthrax,  and  chopped  into  small  bits  ;  then  it  is  mixed  with  one-half  its 
weight  of  water,  and  squeezed  through  a  linen  cloth.  Finally,  the  fluid  is  again  filtered 
through  a  moistened  piece  of  linen.  This  virulent  mass  is  first  sjDread  upon  glass  plates 
or  flat  dishes,  and  then  transferred  to  a  dry  chamber  where  the  temperature  is  kept  at 
from  32°  to  35°  C.  (from  89.6°  to  95°r.).  When  thoroughly  dried  the  virus  may  be  scraped 
off  and  removed  in  the  form  of  a  powder.  If  one  wishes  to  produce  material  for  inocula- 
tion from  this  virulent  virus,  it  should  be  triturated  with  double  its  weight  of  water, 
and  this  fluid  is  then  to  be  steamed  in  a  thermostat.  By  raising  the  temperature  to  100*^ 
C.  (212°  F.)  during  six  hours,  one  gets  a  weak  immunizing  material ;  by  the  action  of 
a  temperature  of  85°  C.  (185°  F.)  for  six  hours,  a  more  active  preparation  is  produced. 
For  immunizing  an  ox  or  a  cow,  about  0.5  gm.  of  a  thin  watery  solution  of  the  weak 
vaccine  should  be  injected,  preferably  into  the  subcutaneous  cellular  tissue  near  the  ani- 
mal's tail ;  and,  after  the  lapse  of  from  eight  to  twelve  days,  the  stronger  solution  should 
be  injected  in  a  similar  manner. 

Hogs,  according  to  Pasteur,  may  be  made  insusceptible  to  inoculation  with  virulent 
hog-cholera  bacilli  by  the  employment,  as  vaccine  material,  of  bacilli  which  have  become 
attenuated  through  a  series  of  inoculations  of  rabbits.  According  to  Emmerich,  rab- 
bits may  be  made  insusceptible  to  swine-erysipelas  bacilli  by  the  injection,  into  the  veins 
of  the  ear,  of  small  amounts  of  virulent  bacilli -cultures  diluted  fiftyfold  with  water. 

For  animals  susceptible  to  diphtheria,  immunity  may  be  procured,  according  to 
Behring,  by  the  injection,  into  their  abdominal  cavity,  in  small  amounts  (2  c.c),  of 
cultures  of  diphtheria-bacilli  which  have  been  attenuated  by  exposing  them  for  sixteen 
hours  to  the  action  of  iodine  trichloride  (1  :  500)  ;  and  then,  after  the  lapse  of  three  weeks, 
by  the  employment  of  another  injection  containing  a  diphtheria-culture  (0.2  c.c.)  which 
has  been  permitted  to  grow  for  four  days  in  bouillon  to  which  iodine  trichloride  (1  :  5,500) 
has  been  added.  At  a  still  later  period,  cultures  of  full  strength  are  to  be  injected  in 
increasing  quantities. 

According  to  Emmerich,  rabbits  may  be  made  completely  insusceptible  to  pneumo- 
cocci  by  injections,  first,  of  0.3  c.c.  of  a  strongly  virulent  bouillon-culture  diluted  in 
the  proportion  of  1 :  5,000,  and  afterward  of  bouillon-cultures  of  full  virulence. 

Protective  inoculations  against  rabies  are  resorted  to  only  after  the  individual  has 
actually  been  bitten  by  a  rabid  animal,  and  the  practice  is  employed  chiefly  in  France 
(at  the  Pasteur  Institute),  in  Russia,  and  in  Italy.  For  inoculation  purposes  it  is 
customary  to  employ  the  spinal  cord  (desiccated  in  dry  air  at  a  temperature  varying 
from  23°  to  25°  C. — from 73.4°  to  77°  F.)  of  rabbits  in  whom  the  disease  has  been  created 
artificially.  By  means  of  this  drying  process,  continued  for  a  period  of  about  fifteen 
days,  the  cord  gradually  loses  its  poisonous  character.  According  to  Protopopoff.  it  is 
not  so  much  the  drying  as  it  is  the  heat  which  diminishes  the  virulence  of  the  poison. 
From  this  piece  of  spinal  cord,  possessing  diminished  poisonous  properties,  small  bits 
are  taken  and  rubbed  up  in  sterilized  chicken-broth.  Some  of  this  mixture  is  then  in- 
jected beneath  the  skin  of  the  person  who  has  been  bitten ;  only  a  very  weak  mixture 
being  employed  at  first,  but  afterward  the  strength  being  gradually  increased.  It  is 
Pasteur's  opinion  that  the  spinal  cord,  under  the  conditions  we  are  now  considering, 
contains  partly  microbes  and  partly  a  specific  poison  which  they  have  produced ;  and 
that  this  poison,  if  it  becomes  distributed  throughout  the  body  more  rapidly  than  are 
the  microbes,  will  confer  on  the  organism  immunity  from  the  effects  of  a  subsequent  in- 
vasion of  these  microbes,  and  especially  will  protect  the  nervous  system.  It  is  there- 
fore necessary,  if  we  wish  to  secure  the  desired  degree  of  immunity,  to  introduce  into 
the  system  as  large  quantities  as  possible  of  the  chemical  poison.  The  published  reports 
of  the  institutes  in  which  the  Pasteur  protective  inoculations  against  rabies  are  made 
warrant  the  conclusion  that  these  inoculations  do  actually  prove  effective  in  warding  off 
an  outbreak  of  rabies. 

According  to  the  observations  of  Chauveau  and  others,  it  is  possible,  in  making 
protective  inoculations,  to  adopt  the  plan  of  injecting  virulent  bacteria  in  very  small 
quantities,  or  in  such  a  manner  that  they  shall  not  be  injurious  to  life.  In  symptomatic 
anthrax,  for  example,  this  result  may  be  obtained,  in  oxen  or  cows,  by  injecting  verj- 
small  quantities  of  the  fluid  into  the  extremity  of  the  animal's  tail;  these  injections 
not  causing  a  fatal  illness,  but  merely  some  local  disturbance. 
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According  to  Afanassieff  it  is  possible  to  render  animals  immune  by  inoculating  the 
granulating  surface  of  a  wound  with  virulent  cultures. 

According  to  the  researches  of  Schuetz,  cattle  may  be  rendered  insusceptible  to  con- 
tagious pleuropneumonia  by  injections  of  the  tissue-juices  obtained  from  the  lung  of  an 
animal  suffering  from  the  disease,  provided  the  injections  be  made  into  the  tail.  There 
is  produced  by  this  means  a  localized  inflammation,  or  one,  at  least,  that  is  confined  to 
the  tail ;  and  after  it  has  quieted  down,  the  animal  will  be  found  to  be  insusceptible 
both  to  the  natural  infection  and  to  an  infection  of  artificial  origin. 

So  far  as  cholera  is  concerned,  both  animals  and  men  may  be  rendered  immune  (ac- 
cording to  Haffkine,  Pfeiffer,  Kolle,  Voges,  and  others)  by  injecting  into  the  body  steri- 
lized and  weakened  cultures  of  cholera  spirilla,  and  the  immunity  thus  obtained  (and 
which  lasts  for  only  a  short  time)  is  due  to  the  formation,  within  the  blood,  of  specific 
bactericidal  antitoxic  bodies  (compare  Voges:  "Die  Choleraimmunität,"  C /.  Bakt.,  xx., 
1896  [Lit.]).  On  the  other  hand,  we  do  not  possess  any  specific  remedy  by  means  of 
which  we  may  save  the  life  of  an  animal  or  a  man  that  may  happen  to  be  infected  with 
cholera. 

Immunity  from  the  danger  of  being  infected  with  typhoid  fever  may  be  secured  (in  the 
case  of  a  human  being)  by  the  subcutaneous  injection  of  sterilized  cultures  of  typhoid 
bacilli  (Pfeiffer,  Kolle),  and  the  establishment  of  this  immunity  may  be  recognized  by 
the  fact  that  the  blood-serum  of  the  person  who  has  thus  been  inoculated  will  be  found, 
at  the  end  of  a  few  days,  to  contain  bactericidal  substances.  The  immunization  experi- 
ments which  have  been  made  in  cases  of  persons  who  were  already  recognizably  ill  with 
typhoid  fever  have  thus  far,  according  to  Brieger,  Wassermann,  and  C.  Fraenkel,  given 
rather  unsatisfactory  results. 

According  to  the  accounts  published  by  Koch  {British  Medical  Journal,  1897  ;  Deut. 
med.  Woch.,  1897,  No.  16;  Centralbl.  f.  Bakt.,  xxi.,  p.  526),  who,  during  the  winter  of 
1896-97,  carried  on  investigations  into  the  cattle  plague  in  Cape  Colony,  it  is  possible  to 
immunize  cows  and  oxen  by  the  subcutaneous  injection  of  10  c.c.  of  the  bile  taken  from 
cattle  that  have  died  of  this  disease  ;  and,  furthermore,  the  condition  of  immunity 
becomes  established  (according  to  the  same  authority)  not  later  than  on  the  tenth  day. 

During  the  year  1890  Koch  made  the  discovery  that  cultures  of  tubercle  bacilli  con- 
tain a  toxin — tuberculin — which,  when  injected  into  the  tissues  of  a  person  affected  with 
tuberculosis,  produces  feverish  elevations  of  temperature,  and  to  some  extent  also 
local  inflammations  in  the  neighborhood  of  foci  of  tuberculous  disease.  For  a  certain 
length  of  time  after  this  discovery  had  been  made,  the  hope  was  entertained  that  in  this 
tuberculin  a  remedy  for  the  cure  of  tuberculosis  had  been  found  ;  but  the  trials  made 
with  it  upon  human  beings  and  animals  revealed  the  fact  that  it  was  indeed  competent, 
after  repeated  injections  had  been  made,  to  establish  an  immunity  from  the  poisonous 
effects  of  the  tuberculin,  but  that  it  was  impotent  to  arrest  the  multiplication  of  the 
tubercle  bacilli  and  also  to  prevent  the  disease  from  advancing ;  and,  furthermore,  that 
the  local  inflammations  belonging  to  the  disease  were  affected  favorably  by  it  only  under 
certain  special  conditions,  while  in  many  instances  the  effect  which  it  produced  upon 
these  inflammations  was  distinctly  unfavorable  (the  tubercle  bacilli  being  thereby  more 
widely  disseminated  throughout  the  body).  Notwithstanding  these  drawbacks,  Koch's 
discovery  has  proved  to  be  one  of  great  importance.  In  the  first  place,  it  possesses  some 
practical  value  as  a  means  of  detecting  the  presence  of  tuberculosis  in  certain  cases,  for 
the  injection  of  tuberculin,  in  the  case  of  a  healthy  individual,  gives  rise  to  no  fever ; 
and  besides,  these  inoculations  are  now  used  very  widely  for  diagnostic  purposes  among 
the  domestic  animals.  Then,  in  the  next  place,  the  reports  published  by  Koch  have 
stimulated  others  to  make  further  investigations  into  the  question  of  securing  immunity 
by  injecting  the  toxins  of  different  bacteria  ;  and  in  this  way  it  has  come  to  pass  that 
we  have  discovered  antitoxins  for  diphtheria,  tetanus,  cholera,  and  typhoid  fever. 

Maragliano,  during  the  last  few  years,  has  made  attempts,  by  inoculating  experi- 
mental animals  (donkey,  dog,  horse)  with  the  toxins  derived  from  cultures  of  tubercle 
bacilli,  to  secure  a  serum  that  will  cure  tuberculosis.  The  observations  thus  far  made, 
however,  do  not  warrant  the  conclusion  that  this  serum  possesses  the  power  to  cure  that 
disease  in  the  human  being.  Koch,  according  to  a  communication  which  he  published 
recently  ("Ueber  neue  Tuberculinpräparate,"  Deutsche  med.  Woch.,  1897,  No.  14),  has  suc- 
ceeded in  obtaining,  from  highly  virulent  cultures  of  tubercle  bacilli,  a  substance  which, 
as  he  claims,  is  able  to  confer  immunity  from  the  effects  of  all  the  constituent  elements 
of  these  bacilli.  In  order  to  obtain  this  substance  it  is  necessary  that  young  cultures  of 
tubercle  bacilli  should  be  dried  in  a  vacuum-exsiccator  and  then  reduced  to  a  fine  powder 
by  trituration.  The  product  of  this  triturating  process  is  then  thoroughly  mixed  with 
distilled  water  and  placed  in  a  centrifugal  machine.  The  active  substance  is  contained 
in  the  slimy  deposit  which  forms  as  a  result  of  the  centrifugal  action  of  the  machine 
(Koch  designates  this  slimy  deposit  by  the  letters  T.  R.),  and  the  latter  must  again  be 
dried  and  triturated,  and  then  dissolved  in  water  to  which  (for  the  proper  preservation 
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of  the  material)  twenty  per  cent  of  glycerin  should  be  added.  (The  preparation  is 
manufactured  at  the  establishment  of  Meister,  Lucius,  and  Brlinning.  in  Höchst-on-the- 
Main,  Germany.)  In  this  fluid  form  the  preparation  contains  10  mgm.  of  solid  sub- 
stance in  each  cubic  centimetre  ;  and  when  it  is  to  be  used,  it  should  be  diluted  by  the 
addition  of  some  physiological  salt  solution.  When  rather  large  quantities  are  in- 
jected, it  is  claimed  that  the  animals  become  immunized  in  from  two  to  three  weeks. 
In  treating  human  beings  who  are  actually  affected  with  tuberculosis  it  is  well  to  begin 
with  a  dose  of  -^  mgm.  of  the  preparation,  and  then  to  increase  the  dose — the  injec- 
tions being  made  every  other  day — up  to  20  mgm.  So  far  as  one  can  judge  from  the 
published  reports  thus  far  available,  the  T.  R.  preparation  does  not  appear  to  exert  a 
curative  action  upon  tuberculosis  in  the  human  being. 

The  hlood-serum  treatment  of  diphtJieria — i.e.,  the  employment  of  the  antitoxins  con- 
tained in  the  blood  of  animals  that  have  been  rendered  immune  as  regards  diphtheria, 
as  a  means  of  curing  that  disease  when  it  is  actually  in  progi'ess  or  of  warding  off  a  diph- 
theria infection — is  a  discovery  that  we  owe  to  Behring  ;  and  I  may  add  that  thousands 
of  observers  have  confirmed  the  favorable  effects  which  are  produced  by  the  procedure 
which  he  had  first  thoroughly  tested  by  experimental  methods.  In  the  treatment  of 
diphtheria  patients  it  is  customary  to  inject  at  a  single  sitting,  beneath  the  skin  of  the 
thigh,  quite  large  quantities  (1,000  immunization  units)  of  the  serum. 

The  term  "normal  serum" — i.e.,  a  serum  having  the  value  of  a  single  immunization 
unit — is  applied  by  Behring  to  such  serum  as  will,  when  mixed' with  a  quantity  of  diph- 
theria poison  equal  to  ten  times  the  minimum  fatal  dose,  and  then  injected,  in  the 
amount  of  y\;  c.c,  into  a  guinea-pig  weighing  between  200  and  800  gm.,  surely  protect 
the  animal  from  contracting  the  disease.  Sheep  and  horses  are  the  animals  from  which 
it  is  easiest  to  obtain  the  desired  quality  of  serum.  The  preparation  is  put  up  and  sold 
in  quantities  varying  from  500  to  o.OOO  immunization  units. 

If  culture  filtrates  of  the  tetanus  bacilli  are  rendered  weaker  by  the  addition  of  cer- 
tain chemical  reagents  (such  as  iodine  trichloride  or  iodine  in  combination  with  potas- 
sium iodide)  it  is  (according  to  Kitasato,  Behring,  Tizzoni,  and  Büchner)  a  po.ssible 
thing,  by  repeatedly  injecting  such  a  filtrate,  of  increasing  virulence,  to  establish  in 
animals  a  condition  of  immunity  as  regards  tetanus  ;  and,  according  to  the  same  author- 
ities, the  blood  of  these  immunized  animals  contains  an  antitoxin  which  can  surely  protect 
experimental  animals  from  an  infection  with  tetanus.  The  treatment  of  human  beings 
who  are  actually  suffering  from  this  disease  has  thus  far  not  produced  very  satisfactory 
results  ;  presumably  because  the  curative  inoculations  can  be  instituted  only  at  a  com- 
paratively advanced  stage  of  the  disease. 

So  far  as  the  bubonic  plague  is  concerned,  animals  and  human  beings  that  are  sus- 
ceptible may  be  rendered  immune  by  injections  of  sterilized  cultures  of  the  plague 
bacilli  ;  and  it  appears,  furthermore,  that  in  the  blood-serum  of  immunized  animals  (the 
horse,  for  example)  there  are  present  antitoxins  which  render  it  possible  to  utilize  the 
serum  both  for  immunization  and  for  curative  purposes. 

Calmette  claims  that  by  means  of  inoculations  of  very  small  doses  of  snake-poison. 
continued  throughout  a  considerable  period  of  tin  -^nimals  may  be  rendered  immune 
from  the  injurious  effects  of  this  i)oison,  and  that  when  this  has  been  accomplished  the 
blood-serum  of  these  animals  will  also  be  found  to  possess  antitoxic  virtues  (as  regards 
the  same  poison) ;  from  which  latter  circumstance  it  may  rightly  be  inferred  that  the 
serum  may  also  be  employed  for  curative  purposes.  In  Brazil,  Mexico.  Africa,  and 
some  other  places,  various  methods  are  employed  for  the  purpose  of  protecting  persons 
from  the  injurious  effects  of  a  snake-bite,  or  for  that  of  curing  them  after  they  have  been 
bitten  ;  and  in  all  of  these  the  snake-poison  itself  is  used  for  the  accomplishment  of  these 
purposes.  Among  these  methods  may  be  mentioned  that  of  drinking  some  of  the  fluid 
secreted  by  the  poison-glands,  or  that  of  rubbing  some  of  the  poison  in  a  diluted  state 
into  small  wounds  made  in  the  skin,  etc.  (Brenning). 

According  to  the  researches  of  Ehrlich,  mice  may  be  made  immune  against  ricin, 
to  which  they  are  most  susceptible,  by  mixing  very  small  doses  of  it  with  their  food, 
and  then  afterward  injecting  additional  small  doses  beneath  the  skin.  The  appearance 
of  the  immunity  first  shows  itself  six  days  after  the  first  dose,  so  that  upon  this  day  the 
animal  can  withstand  a  dose  thirteen  times  as  great  as  at  the  beginning.  By  means  of 
continued  systematic  inoculations  the  animal  is  rendered  insusceptible  to  a  dose  eight- 
hundredfold  stronger.  The  immunity  is  produced  hj  an  antitoxic  substance,  antiricin, 
which  suspends  the  action  of  the  poison. 
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VII.  The   Internal  Causes  of  Disease  and  the  Inheritance  of  Patho= 

logical  Conditions. 

§  31.  Among  the  internal  causes  of  disease  must  be  mentioned, 
first,  all  those  peculiarities  which  have  their  foundation  in  the  organiza- 
tion of  the  individual  and  owe  their  origin  to  some  congenital  local  pre= 
disposition,  and  which,  furthermore,  superinduce  diseases  independ- 
ently of  outside  influences— i.e.,  without  the  aid  of  any  other  influences 
except  such  as  our  relations  to  the  outside  (more  or  less  harmful)  world 
necessarily  bring  with  them.  AVhen  morbid  i^rocesses  arise  in  this  man- 
ner we  speak  of  the  special  disease  or  of  the  special  malformation  thus 
arising  as  of  spontaneous  origin.  In  a  broader  sense  we  may  also  reckon 
among  the  internal  causes  of  disease  the  individual  peculiarities  which 
have  been  described  in  the  last  part  (YI.),  and  to  which  the  names 
predisposition  and  idiosyncrasy  have  been  applied;  but  we  are  justified 
in  doing  this  only  in  so  far  as  the  diseases  in  question  clearly  owe  their 
immediate  development  not  merely  to  the  action  of  some  outside  injuri- 
ous influence,  but  also  at  the  same  time  to  the  existence  of  a  predisposi- 
tion or  of  an  idiosyncrasy. 

Among  the  morbid  conditions  which  arise  from  strictly  internal 
causes — i.e.,  without  the  aid  of  specific  external  influences — and  which 
either  appear  of  themselves  or  are  brought  to  development  by  some  ex- 
ternal influence,  it  is  i:)ossible  to  distinguish  different  groups,  namely, 
one  in  which  the  bodj^  as  a  whole— the  constitution— is  involved;  an- 
other, in  which  only  a  portion  of  the  body,  or  a  system,  shows  itself  to 
be  functionally  deranged  or  perhaps  even  pathologically  altered  in  its 
structure;  and,  finalh^  a  third,  in  which  either  a  single  organ  or  even, 
perhaps,  only  a  part  of  an  organ,  manifests  these  functional  or  structural 
alterations.  At  the  same  time  it  should  be  stated  that  no  sharp  divid- 
ing-line exists  between  these  groups,  for  local  pathological  alterations 
may  be  associated  with  constitutional  conditions.  Then,  again,  it 
should  be  remembered  that  very  frequently  it  is  not  only  difficult,  but 
at  times  impossible,  to  deterrni'  what  part  internal  conditions  and  what 
part  external  exciting  causes  are  playing  in  the  production  of  a  patho- 
logical condition,  since  we  cannot  measure  the  force  of  the  external  influ- 
ence which  has  called  into  activity  the  pathological  processes. 

Among  the  constitutional  diseases  arising  from  internal  causes  are 
to  be  mentioned,  in  the  first  place,  the  development  of  dioarfs  and  the 
development  of  giants — i.e.,  disturbances  of  growth,  of  which  the  first 
is  marked  by  an  abnormal  deficiency  in  the  growth  of  all  the  parts  of 
the  body,  of  the  skeleton  as  well  as  of  the  soft  parts ;  while  the  second 
is  characterized  by  a  growth  exceeding  that  of  the  ordinary  individual. 
It  cannot  be  doubted  that  both  the  dwarf  and  the  giant  growths  are  de- 
pendent on  a  congenital  tendency ;  but  the  same  effects  can  be  produced, 
at  least  so  far  as  the  inhibition  of  growth  is  concerned,  by  harmful  infiu- 
ences  during  the  period  of  gestation  and  during  later  development,  so 
that  it  cannot  be  always  told  with  certainty"  whether  an  abnormal  bodily 
growth  is  dependent  ui)on  a  congenital  tendency  or  upon  pathological 
influences  which  have  occurred  during  the  period  of  growth  (see  §  22)  — 
as,  for  instance,  upon  disturbances  of  growth  due  to  disease  or  to  the 
loss  of  the  thyroid  gland. 

The  same  difficulties  are  encountered  when  we  attempt  to  explain  the 
cases  in  which  the  body  has  perhaps  attained  a  normal  development  of 
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height,  but  manifests  a  general  feebleness — a  constitution  which  has  no 
power  to  withstand  a  great  variety  of  external  influences ;  for  this  condi- 
tion may  arise  from  an  inherited  weakly  and  defective  body,  or  from 
harmful  influences  which  have  attacked  it  during  intra-  and  extra-uterine 
development;  and,  again,  a  congenitally  weak  body  and  outside  weaken- 
ing influences  may  both  have  acted  upon  the  growth  of  the  individual  in 
a  similar  manner. 

Another  constitutional  peculiarity  which  may  owe  its  origin  to  an 
inherited  special  predisposition  is  corpulence  {obesitas,  adipositas,  lipo- 
matosis  universalis) — a  condition  in  which  fat  is  either  deposited  in 
excessive  quantity  onh^  in  tissues  which  normally  should  i:)OSsess  fat, 
or  else  is  deposited  also  in  regions  which  normally  contain  no  fat,  as, 
for  instance,  under  the  endocardium  or  between  the  muscles.  In  the 
ultimate  analysis  of  this  condition  it  must  be  recognized  that  this  heap- 
ing up  of  fat  in  the  bod}^  is  always  dependent  upon  a  disproportion  be- 
tween fat-production  (that  is,  the  supply  of  fat  to  the  parts)  and  fat-con- 
sumption ;  this  disproportion  showing  itself  at  one  time  in  the  form  of 
greatly  increased  fat-production,  at  another  in  that  of  an  abnormal  de- 
crease in  fat-consumption.  As  daily  observation  teaches,  the  energy 
with  which  metabolism  goes  on  in  the  body  is  very  different  in  different 
individuals,  and  changes  also  at  different  periods  of  life,  so  that  the 
same  amount  of  food  tends  at  one  time  to  fatten,  while  at  another  time 
it  shows  no  such  tendency. 

In  the  pathological  constitution  termed  obesity,  which  sometimes 
depends  on  a  congenital  predisposition,  the  energy  of  the  protoplasmic 
forces  of  destructive  metamorphosis  is  weakened,  so  that  an  abnormal 
amount  of  fat  collects  even  when  a  moderate  or  perhaps  only  a  slight 
amount  of  nutritive  material  is  supplied  to  the  tissues. 

Gout,  like  obesity,  is  also  a  constitutional  disease,  which  for  the 
most  part  is  dependent  upon  a  constitutional  inherited  tendency,  and 
consequently  depends  chiefly  on  internal  causes.  Exactly  what  is  the 
essence  of  the  disease  we  are  unable  as  yet  to  state.  One  of  its  charac- 
teristic features  is  that  a  patient  with  this  disease  is  subject  to  attacks 
in  which  deposits  of  uric  acid  are  made  in  the  tissues.  According  to 
Garrod  and  Ebstein,  acute  attacks  of  gout  are  dependent  upon  a  stagna- 
tion of  uric  acid,  which  has  its  origin  either  in  the  kidney  or  in  local 
conditions.  Pfeiffer,  on  the  other  hand,  is  of  the  opinion  that  the  essen- 
tial feature  of  a  gouty  predisposition  consists  in  the  fact  that  the  uric 
acid  is  produced  in  a  form  w^hich  is  soluble  only  with  difficulty.  Ac- 
cording to  von  Noorden,  the  production  and  deposit  of  uric  acid  are  only 
secondary  phenomena,  which  are  induced  by  the  presence  of  a  particular 
ferment,  which  acts  only  locally  and  consequently  is  not  dependent  upon 
the  amount  and  the  behavior  of  the  uric  acid  which  is  formed  in  another 
part  of  the  body. 

Pathological  changes  which  arise  in  single  systems  and  organs 
from  internal  causes  ma}'  manifest  themselves  in  all  the  tissues  of  the 
bodj' ,  and  they  involve  at  one  time  an  entire  system  or  organ,  at  another 
only  a  part  of  one. 

In  the  skeleton,  in  the  first  place,  we  may  mention  the  following 
changes  as  illustrating  what  we  have  just  stated :  abnormal  develop- 
ments, as  regards  size,  of  single  i)arts — e.g.,  abnormal  smallness  of  the 
extremities  (micromelia),  or  of  the  head  also  (microcephalus),  in  con- 
trast with  'the  trunk ;  or  the  abnormal  size  of  one  bone  or  of  a  group  of 
bones  (macrocephalus ;   the  abnormal  increase  in  the  length  of  the  fin- 
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gers ;  great  growtli  of  one  finger,  or  of  an  entire  foot,  or  of  an  extremity ; 
the  formation  of  ribs  in  the  neck,  etc.).  Occasionally  supernumerary 
bones  are  developed — for  instance,  bones  in  the  wrist  or  phalanges,  thus 
leading  to  the  formation  of  supernumerary  fingers.  There  can  also  be 
developed  atypical  formations,  such  as  bony  growths  (exostoses,  hyper- 
ostoses), which  may  extend  over  a  larger  or  a  smaller  portion  of  the 
skeleton,  and  may  originate  either  spontaneously  or  as  a  result  of  some 
traumatism. 

In  the  muscular  system  are  to  be  noted  the  production  of  pathologi- 
cal bony  formations,  which  occur  either  singly  or  in  multiple  form  (my- 
ositis ossificans) ,  and  occasionally,  in  the  period  of  childhood,  give  rise 
to  a  progressive  stiffening  of  the  muscular  apparatus,  by  the  transfor- 
mation of  the  muscles  into  osseous  scales  or  plates. 

In  the  vascular  system  the  lesions  which  are  found  consist  in  part 
of  gross  anatomical  alterations — such  as  an  abnormal  division  of  the 
arteries,  or  some  pathological  development  of  the  heart — and  in  part  of 
more  delicate  alterations,  which  reveal  their  existence  only  through  some 
abnormal  action  on  the  part  of  the  circulatory  apparatus  or  through  a 
tendency  manifested  by  the  patient  to  hemorrhages  {licemopliilia)  which 
take  place  spontaneously- — i.e.,  without  our  being  able  to  show  that  an 
injurious  influence  has  been  exerted  upon  the  heart  and  blood-vessels. ' 

Some  of  the  primary  disturbances  ivhicli  the  development  o/the  central 
nervous  system  experiences  manifest  themselves  only  by  some  pathologi- 
cal disturbance  of  function  or  by  a  special  predisposition  to  various  forms 
of  illness ;  while  others  are  distinguished  by  gross — i.e.,  by  perceptible — 
anatomical  cJmnges,  such  as  abnormal  smallness  of  the  cerebrum  (micren- 
cephalon)  or  of  the  spinal  cord  (micromyelia),  defective  or  absent 
development  of  particular  parts  (compare  the  chapter  on  Malformations) , 
misplacement  of  the  gray  substance  (heterotopia  of  the  gray  substance) , 
the  abnormal  formation  of  cavities  (syringomyelia),  abnormal  forma- 
tions of  the  neuroglia,  etc.  These  disturbances  may  involve  the  func- 
tions of  the  organs  of  sensation  and  of  the  motor  areas,  as  Avell  as,  and 
to  an  even  greater  extent,  the  psychical  processes ;  and  the  pathological 
conditions  termed  idiocy,  epilepsy,  periodical  and  circular  insanity, 
hysteria,  and  neurasthenia,  as  well  as  paralysis,  mania,  melancholia, 
and  dementia,  may  have  their  origin  in  a  congenital  predisposition. 
Lately  some  persons  have  attempted  to  refer  the  tendencj^  to  crime  to 
a  congenital  predisposition ;  and  Lombroso  in  particular  has  sought  to 
prove  that  the  person  who  depends  for  his  support  upon  crime  and  lives 
only  for  criminal  purposes — the  homo  delinquois — is  a  congenital  crimi- 
nal— i.e.,  he  is  a  man  who  suffers  from  bodily  and  mental  abnormali- 
ties ;  possesses  other  physical  and  psychical  characteristics  than  those 
which  belong  to  the  normal  man,  or  even  to  one  who  is  simply  mentally 
diseased;  in  a  word,  he  must  be  looked  upon  as  presenting  the  symp- 
toms of  a  special  form  of  degeneration  that  tends  in  a  well-defined  direc- 
tion. According  to  Lombroso,  a  subnormal  develoj^ment  of  the  anterior 
half  of  the  cranium,  together  with  a  corresponding  lack  of  development 
of  the  anterior  portion  of  the  cerebrum,  when  associated  with  an  in- 
creased development  of  the  posterior  portion  of  the  brain,  necessarily 
produces  a  feebler  development  of  the  intelligence  and  of  the  moral 
sense,  and  favors  a  strongly  developed  instinct-life.  Benedikt  even  goes 
so  far  as  to  maintain  that  we  can  distinguish  in  criminals  a  peculiar 
configuration  of  the  cerebral  convolutions,  which  are  similar  in  type,  as 
lie  claims,  to  those  of  animals  of  prey. 
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The  views  of  Lombroso  and  Benedikt  have  met  with  opposition  from 
yarious  quarters,  and  have  been  attacked  as  incorrect;  and  there  can  be 
no  doubt  that  there  does  not  exist  a  species  of  human  beings  who  are 
characterized  by  definite  anatomical  peculiarities  by  means  of  which  one 
can  say  that  they  belong  to  the  class  termed  homo  delinquent  in  contra- 
distinction to  that  of  the  homo  sapiens ;  for  all  the  l)odily  peculiarities 
which  have  been  mentioned  as  characteristic  of  the  criminal  type — as 
for  instance,  the  beast-of-prey  type  of  cerebral  convolutions,  the  feebly 
developed  frontal  brain,  the  receding  forehead,  massiveness  of  the  lower 
jaw,  prognathia,  asymmetry  of  the  skull,  marked  prominence  of  the 
arcus  superficialis  and  of  the  arcus  frontalis,  pathological  conformations 
of  the  skull,  etc. — are  indeed  frequent  in  criminals,  but  they  are  also  far 
from  infrequent  in  perfectly  normal  men.  It  is,  however,  not  to  be 
doubted  that  the  tendency  to  criminality  is  very  often  dependent  on  a 
congenital  predisposition,  which  is  found  in  some  special  organization 
of  the  central  nervous  system;  that,  in  this  regard,  the  criminal  has 
some  resemblance  to  the  insane  person ;  and  that  also  mental  diseases 
— for  instance,  epilepsy  and  hysteria — are  often  observed  in  criminals. 

HhQ  pathological  cerebral  functions  in  persons  who  are  pathologically 
predisposed  to  this  class  of  diseases  may  develop  primarily — i.e.,  with- 
out external  agencies  having  any  influence  on  the  disturbance ;  and  under 
these  circumstances  the  person  concerned,  even  during  the  time  of  de- 
velopment a7id  growth,  or  sometimes  also  later,  manifests  pathological 
changes  in  the  functions  of  his  cerebrum  without  having  received  any 
external  injury  that  might  exi)lain  such  changes.  In  other  cases,  on  the 
other  hand,  external  influences — such  as  mental  work,  sorrow,  care, 
psychical  irritation,  disease,  etc. — are  the  causes  which  give  rise  to  the 
particular  illness — i.e.,  to  the  outbreak  of  pathological  brain  or  spinal 
functions.  In  these  cases  the  inherited  predisposition  consists  merely 
in  an  abnormal  weakness,  a  tendency  to  disease  of  the  central  nervous 
system,  which  expresses  itself  in  the  circumstance  that  transitory  influ- 
ences which  would  not  act  noticeably  on  a  normal  person  are  sufficient, 
in  the  case  in  question,  to  produce  the  morbid  phenomena.  Inasmuch 
as  many  influences — such  as  diseases,  infections,  psychical  irritations — 
are  adequate,  under  certain  conditions,  to  produce  mental  disease  in  in- 
dividuals whom  one  must  look  upon  as  normal,  so  it  is  clear  that,  in 
many  instances,  it  is  difficult,  if  not  impossible,  to  distinguish  what  part 
the  internal  causes — the  inherited  predisposition — and  what  part  the 
external  causes  have  had  in  producing  disease  of  the  central  nervous 
system. 

As  regards  the  peripheral  nerves,  it  is  especialh'  their  connective- 
tissue  elements  which  often  take  on  a  pathological  activity  of  growth 
under  the  influence  of  internal  causes ;  and  this  activity  manifests  itself 
partly  in  the  form  of  diffuse  thickenings  (fibromatosis  of  the  nerves), 
partly  in  that  of  nodular  thickenings  (fibromata  of  the  nerves),  which 
either  develop  along  the  course  of  those  nerves  which  are  large  enough 
to  be  dissected  with  the  scalpel,  or  are  scattered  over  the  filaments  of 
the  finer  nerves,  often  being  present  in  large  numbers  throughout  the 
areas  of  distribution  of  entire  nerves,  or  even  involving  the  entire  terri- 
tory supplied  by  the  peripheral  nerves,  the  skin  being  the  part  most 
often  affected  (multiple  fibromata  of  the  skin).  In  certain  cases  the 
fibromatosis  of  the  nerves  is  associated  with  an  increase  in  the  number 
of  nerve-fibres ;  and  as  a  result  of  this  change  there  will  be  found  in  a 
given  territory  of  nerve-supply  abnormally  numerous  bands  of  nerve- 
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fibres,  thickeued  by  a  pathological  increase  of  the  eiidoneurium,  mostly 
thrown  into  serpentine  or  twisted  shapes,  or  interwoven  (cirsoid  neu- 
roma, plexiform  neuroma). 

Among  the  pathological  conditions  of  the  visual  apparatus  which 
arise  from  internal  causes  we  should  mention  particularly  dyschroma- 
topsia  and  achromatopsia,  the  congenital  partial  or  total  color-blind- 
ness, both  of  which  conditions  are  frequently  spoken  of  as  daltonism, 
and  are  characterized  by  a  want  of  perception  for  a  x^ortion  of  the  colors 
(most  frequently  red  and  green),  or  even  for  all  the  colors.  And,  fur- 
ther, in  this  same  category  belongs  the  typical  pigment-degeneration  of 
the  retina,  in  which  a  peculiar  spotted-black  pigmentation  of  the  retina 
is  seen,  while  simultaneously  the  acuteness  of  central  vision  and  the 
perception  of  light  are  diminished  and  the  visual  field  is  narrowed. 
Finally,  there  should  be  added  to  this  list  certain  forms  of  myopia,  as 
well  as  albinism  (the  absence  of  pigment  in  the  choroid),  the  latter  of 
which  conditions  also  involves  some  of  the  appendages  of  the  skin. 

The  only  affection  of  the  organ  of  hearing  which,  at  least  in  part, 
can  be  considered  as  a  primary  developmental  disturbance  is  deaf- 
mutism.  Then,  in  the  next  place,  we  may  also  place  in  this  category 
the  various  malformations  of  the  external  ear. 

In  the  skin  and  subcutaneous  connective  tissue  new  growths  de- 
velop, which  are  the  result  of  congenital  predisposition.  These  growths 
are  formed  sometimes  almost  entireh"  of  connective  tissue,  sometimes  of 
epithelial  tissues ;  they  also  often  involve  particular  portions  of  the  skin, 
as  the  cutaneous  nerves,  the  blood-vessels,  the  lymphatics,  or  the  adipose 
tissue.  When  they  take  on  the  form  of  extensive  thickenings  of  the  skin 
and  the  subcutaneous  cellular  tissues,  they  constitute  the  foundation  of 
the  conditions  termed  fibromatous,  neuromatous,  hsemangiomatous, 
lymphangiomatous,  and  lipomatous  elephantiasis.  When  they  occur  as 
circumscribed  formations,  they  are  known  as  birth-marks,  soft  moles, 
lentigo,  freckles,  and  also  as  tumors  of  the  lymph-  and  blood-vessels. 
Epithelial  hypertrophy  jjroduces  those  changes  which  are  called  fish- 
scale  disease  or  ichthyosis,  ichthyotic  warts,  and  cutaneous  horns. 

In  addition  to  the  pathological  conditions  which  have  been  enumer- 
ated there  are  many  malformations  of  the  body  (compare  the  chapter 
on  Malformations)  or  also  of  the  internal  organs,  which  must  be  con- 
sidered as  of  primary  origin — i.e.,  which  are  not  produced  by  the  action 
of  external  influences  on  the  already  developing  foetus.  Finally,  many 
forms  of  tumors  (see  the  chapter  relating  to  Tumors)  belong  in  this 
class,  especially  those  which  are  found  to  be  already  well  developed  at 
the  time  of  birth,  or  which  undergo  development  during  childhood. 

§  32.  Two  explanations  may  be  given  of  the  mode  of  origin  of 
those  diseases  w^hich  w^e  attribute  to  internal  agencies — diseases, 
therefore,  in  which  external  influences  are  either  entirely  absent  during 
both  intra-  and  extra-uterine  life,  or  simply  possess  the  significance  of 
being  a  source  of  irritation  sufficiently  active  to  cause  the  development 
of  a  disease  germ  already  present  in  the  body.  These  two  explanations 
are  the  following:  either  the  patliologiccd  peculiarities  of  the  particular 
individual  are  inherited,  from  the  ancestors,  or  they  are  developed  from  the 
seed — i.e.,  from  the  sexual  nuclei  that  have  cojjulated  or  from  the  segmenta- 
tion nucleus  derived  from  such  a  combination. 

The  inheritance  of  pathological  peculiarities  is  a  fact  which  we 
learn,  in  the  first  ijlace,  from  clinical  observations;  for  many  of  the 
instances  cited  in  §  31  of  diseases  which  result  from  internal  causes  are 


1^4  INHERITANCE    OF   PATHOLOGICAL   PECULIARITIES. 

also  illustrations  of  inherited  tendencies  within  the  family.  In  a  certain 
number  these  peculiarities  are  transmitted  from  i)SLrent  to  child,  while 
in  other  instances  the  hereditary  factor  is  shown  by  the  fact  that  the 
grandchild  manifests  the  peculiarities  of  the  grandparents,  the  parents 
themselves  remaining  exempt;  sometimes,  again,  it  is  shown  by  the  fact 
that  scattered  members  of  the  family  (the  collateral  branches  being  in- 
cluded) manifest  the  pathological  peculiarities  which  are  under  discus- 
sion. Dwarfishness  and  abnormal  largeness  of  the  body  are  peculiarities 
which  frequently  enough  characterize  certain  families.  Six  fingers, 
harelip,  right-sided  position  of  the  heart,  birth-marks,  multiple  bony 
excrescences  on  the  skeleton,  fibromatous  nerves,  and  multiple  nerve- 
fibromata  may  appear  in  many  generations  of  one  family. 

Congenital  hsemophilia  is  also  an  inheritable  pathological  jjeculiar- 
ity,  which  in  the  descent  is  transmitted  generally  by  the  offspring  to 
the  male  grandchild,  whereby  the  daughters  aid  in  the  transmission, 
without  themselves  suffering  from  haemophilia.  There  may  be,  however, 
a  direct  transmission  of  the  haemophilia  to  the  children.  Partial  and 
total  color-blindness  is  also  sometimesan  inherited  family  disease  which 
attacks  particularly  the  male  members,  and,  like  haemophilia,  is  trans- 
mitted through  the  female  line,  which  does  not  suffer,  to  the  male  de- 
scendants. Typical  pigmentation  of  the  retina  is  inheritable,  as  are  also 
near-sightedness,  deaf-mutism,  and  certain  forms  of  progressive  muscular 
atrophy  and  polyuria  (Weyl) . 

Gairdner  and  Garrod  state  that  in  about  ninety  per  cent  of  all  per- 
sons suffering  from  gout  the  disease  also  existed  in  their  forefathers. 

Of  the  pathological  conditions  of  the  nervous  system,  many  are  trans- 
missible; to  these  belong  especially  periodical  and  circular  insanity, 
epilepsy,  hysteria,  and  congenital  madness  {originäre  Vernicktheif) , 
and,  to  a  somewhat  less  extent,  melancholia,  mania,  frenzy,  and  alco- 
holism ;  while  the  progressive  paralyses,  the  deliriums,  and  the  condi- 
tions of  mental  exhaustion  are  but  slightly  influenced  by  heredity  (Krae- 
pelin).  Hagen  estimated  the  number  of  hereditary  insane  at  28.9  per 
cent,  Leidesdorf  at  25  per  cent,  Tigges  at  over  40  per  cent  of  all  cases, 
and  Forel  holds  that  from  69  to  85  per  cent  may  be  accounted  for  by 
heredity. 

In  the  most  severe  forms  of  hereditary  degeneration  the  pathological 
conditions  themselves  are  inherited ;  but  more  frequently  the  hereditary 
influence  onlj^  produces  a  predisposition  to  disease,  and  the  actual  mor- 
bid condition  first  shows  itself  only  after  the  central  nervous  system  has 
been  acted  u^jon  by  some  external  injurious  influence.  The  form  of  the 
disease  may  remain  the  same  in  the  descendants  as  in  the  ancestors 
{identical  heredity).  More  frequenth^  a  change  takes  place  in  the  form 
of  the  disease  {transformational  heredity),  not  infrequently  in  the  sense 
that  the  severity  of  the  disease  increases  from  generation  to  generation, 
a  condition  which  is  termed  degenerative  heredity. 

According  to  Morel,  there  may  appear,  for  instance,  in  the  first  gen- 
eration, nervous  temperament,  moral  depravity',  excesses ;  in  the  second, 
a  tendency  to  apoplexy,  severe  neuroses,  and  alcoholism;  in  the  third 
generation,  psychical  changes,  suicide,  intellectual  incapacity;  finally, 
in  the  fourth  generation,  congenital  imbecility,  malformations,  arrests 
of  development. 

As  already  stated  in  §  29,  the  special  2^'i^edißpositio7is  to  this  or  that 
disease  which  individual  families  or  sometimes  entire  races  show  are 
hereditary  peculiarities.     Thus,  for  example,  it  cannot  be  doubted  that 
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certain  families  have  a  stronger  predisposition  to  certain  infections  (tu- 
berculosis) than  others.  But,  on  the  other  hand,  it  often  happens  that 
iyisusceptibiliiy  to  certain  injurious  influences  is  a  valuable  attribute  of 
a  famil}^ 

There  is  nothing  at  all  strange  in  the  fact  that  there  are  inheritable 
diseases,  since  it  is  a  well-known  fact  that  in  a  family  not  only  the  pecu- 
liarities of  race,  but  also  those  of  that  particular  family,  may  be  inher- 
ited, and  that  the  qualities  characteristic  of  one  or  the  other  or  of  both 
parents  often  enough  recur  in  the  children.  In  order  that  hereditary 
transmission  may  take  place,  it  is  simply  necessary  that  the  peculiar 
quality  under  consideration  should  represent  not  merely  a  somatic 
change  accidentally  acquired  in  the  course  of  the  life  of  an  ancestor,  but 
rather  an  individual  peculiarity  of  this  ancestor  which  he  in  turn  had 
inherited  from  his  forefathers.  Diseases  which,  in  a  normal  individual, 
originate  only  when  he  is  subjected  to  external  harmful  influences  are 
never  in  the  true  sense  inherited  (see  §  34) ;  this  expression  can  be  em- 
ployed only  in  regard  to  ihosej^^^^iological  conditions  luhich  already  existed 
in  the  germ.  If,  for  example,  a  disease — such  as  a  mental  disease  or 
nearsightedness — is  the  product  of  a  special  inherited  predisposition  plus 
the  effect  of  harmful  influences  which  have  acted  upon  the  body  during 
life,  only  that  part  can  be  transmitted  which  was  received  by  inheri- 
tance, but  not  that  which  was  derived  from  external  influences — i.e.,  the 
part  which  was  acquired. 

In  direct  inheritance — i.e.,  in  that  form  of  inheritance  in  which  pa- 
rental peculiarities  are  transmitted  to  the  child — the  transmission  of 
both  normal  and  pathological  qualities  can  take  place  only  when  both 
sexual  elements,  in  the  condition  in  which  they  are  at  the  moment  of 
their  union,  contain,  in  a  potential  form,  the  characteristics  of  both  pa- 
rents, in  so  far  as  these  characteristics  are  of  a  transmissible  nature ; 
and  consequently  the  product  of  their  union — the  segmentation-cell — 
must  then  contain  within  itself  both  the  paternal  and  the  maternal  quali- 
ties. Since  the  sexual  cells  do  not  represent  a  product  of  the  body 
which  is  formed  only  after  a  certain  stage  in  the  course  of  life  is 
reached,  but  should  rather  be  looked  upon  as  independent  formations 
which,  located  in  special  organs,  separate  themselves  at  an  early  period 
from  the  rest  of  the  body  (that  is,  from  the  somatic  cells)  and  then — 
continuing  to  derive  their  protection  and  nourishment  from  the  body  to 
which  they  belong — lead  an  independent  life,  there  remains  but  one  way 
in  which  we  can  explain  the  phenomenon  of  inheritance :  we  must  as- 
sume that  the  separate  sexual  cells  contain,  from  the  time  of  their  ori- 
gin onward,  essentially  the  same  characteristics  (in  a  potential  form,  of 
course)  as  belong  to  the  body  in  which  they  dwell ;  in  other  words,  that 
the  sexual  cells,  as  well  as  the  body  itself,  have  inherited  in  general  the 
same  qualities  from  the  ancestors.  Since  in  the  act  of  fructification 
only  the  nuclei  of  the  sexual  cells — i.e.,  only  parts  of  them— come  to 
copulation,  we  are  compelled  further  to  assume  that  the  bearers  of  these 
qualities  are  only  the  nuclei,  and  that  the  peculiarities  belonging  to  the 
individual  who  grows  out  of  this  combination  of  the  sexual  nuclei  reside 
in  and  are  bound  up  with  the  organization  of  the  nuclei. 

If  there  appear  in  the  descendants  normal  or  pathological  character- 
istics which  are  found  collaterally  (in  an  uncle,  a  great-aunt,  or  a  cousin) 
but  not  in  the  parents,  this  is  spoken  of  as  collateral  hereditary  transmis- 
sion ;  in  this  case  the  only  supposition  that  will  explain  it  is  that  the 
sexual  nuclei,  in  their  origin,  received  characteristics  which  the  bodies 
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of  tlie  parents  did  not  contain;  or,  at  all  events,  we  may  assume  that 
these  characteristics  did  not  undergo  development  and  become  manifest 
in  these  bodies,  whereas  in  some  of  the  relatives  they  did  thus  become 
manifest. 

If  there  appear  in  an  individual  normal  or  pathological  characteris- 
tics which  were  wanting  in  his  parents,  but  were  j)resent  in  the  grand- 
parents or  great-grandparents,  this  is  spoken  of  as  an  atavistic  heredi- 
tary transmission  ;  and  the  appropriate  explanation  of  this  is  to  be  found 
in  the  fact  that  the  peculiarity  of  the  grandparents  or  great-grandpa- 
rents was  transmitted  to  the  sexual  nuclei  of  the  son — i.e.,  of  the  son 
and  grandson — but  did  not  develop  in  the  body  of  the  first,  while  this 
latent  quality  manifested  itself  again  in  the  grandson  and  in  the  great- 
grandson. 

The  attempt  has  been  made  to  give  to  the  atavistic  mode  of  trans- 
mission— which  is  of  frequent  occurrence  and  is  confined  to  the  nearest 
generations  of  the  ancestors — a  wider  significance  in  pathology.  Thus 
it  has  been  i:)roposed  to  explain  many  newly  arising  i)athological  mani- 
festations, which  seemed  to  resemble  certain  somatic  i^eculiarities  pos- 
sessed by  remote  animal  species  in  the  ancestry  of  man,  as  a  reversion 
to  the  type  of  those  ancestors.  Thus,  for  instance,  microcephalia  and 
micrencephalia  have  been  exx)lained  as  a  reversion  to  the  ape  type, 
and  Lombroso  is  also  inclined  to  look  on  his  lionu)  delinqnvns  as  an  ata- 
vistic appearance.  Nevertheless  there  is  no  doubt  but  that  they  have 
gone  too  far  in  this  respect,  and  have  characterized,  as  atavistic  forma- 
tions, various  acquired  x)atliological  formations  and  fresh  variations  of 
germs  (compare  ^  33).  Aside  from  the  (j[uestion  of  a  reversion  to  the 
type  of  the  nearest  generations  of  ancestors,  atavism  plays  only  a  minor 
part  in  pathology,  and  it  can  really  be  emploj-ed  only  in  the  explana- 
tion of  i^athological  formations  when  their  tissues  show  a  certain  fluctu- 
ating behavior,  characterized  by  the  fact  that  frequently  formations  arise 
which  in  phylogeny  or  ontogeny  represent  the  primary  stages  of  the 
then  normal  conditions.  In  this  category  belong,  for  instance,  the  oc- 
currence of  certain  forms  of  the  ear  or  of  supernumerary  ribs,  the 
increase  in  number  of  the  mammary  glands  and  nipple,  the  develoj)- 
ment  of  certain  muscles  belonging  to  the  Mammifera  which  come  nearest 
to  man  in  the  scale  of  relationship. 

It  is  accepted  by  many  authors  that  in  isolated  cases  acquired  diseases  may,  under 
certain  circumstances,  he  transmitted  to  the  descendants,  and  some  even  go  so  far  as  to  say 
that  the  possibility  of  hereditary  transmission  maybe  conceded  to  a  deformity  sustained 
through  injury  ;  indeed,  they  consider  that  this  has  actually  been  proved  for  some  in- 
stances. In  support  of  their  opinion,  they  believe  that  they  are  warranted  in  pointing 
to  the  hereditary  transmissibility  of  birthmarks,  malformations  of  the  fingers,  myopia, 
mental  diseases,  predisposition  to  tuberculosis,  and  other  conditions,  in  regard  to  which 
they  assume  that  these  conditions  in  the  first  instance  showed  themselves  only  as  acquired 
maladies,  and  that  they  were  then  transmitted  to  the  descendants.  Further,  they  believe 
that  they  can  point  to  observations  on  animals — full  accounts  of  many  such  observations 
are  on  record — as  evidence  that  injuries  give  rise  to  deformities  which  later  on  are  be- 
queathed to  their  offspring. 

An  unprejudiced  examination,  however,  of  the  collected  material  which  is  brought 
forward  in  support  of  this  opinion  shows  that  observations  which  establish  the  existence  of 
such  a  thing  as  the  hereditary  transmission  of  acquired patholog iced  characteristics  in  an 
individual  do  not  exist ;  that  in  the  observations  in  question  the  defectiveness  of  the 
proof  consists  at  one  time  in  an  error  of  observation,  at  another  in  a  false  inference  fi'om 
a  correctly  made  observation.  Take,  for  instance,  the  fact  that  in  a  child  a  birth-mark 
appears  in  a  region  of  the  skin  exactly  corresponding  to  that  in  which  the  mother  has  a 
scar.  The  advocates  of  the  doctrine  under  discussion  would  quote  this  as  an  example  of 
the  inheritance  of  a  deformity ;  and  yet  they  would  be  entirely  wrong,  for  scars  and 
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birth-marks  represent  two  entirely  different  forms  of  tissue-change.  When  among  the  de- 
scendants of  a  man  who  suffered  from  any  form  whatever  of  mental  disease,  but  revealed 
the  existence  of  that  disease  by  the  perversity  of  his  actions  only  after  he  Uad  at- 
tained a  certain  age,  there  appears  an  inheritable  affection  of  the  central  nervous  system  ; 
or  if  we  ]nake  a  similar  observation  in  regard  to  the  appearance  of  myopia,  we  must  not 
conclude  from  such  observations  that  the  disease  first  observed  (in  the  ancestor)  was 
strictly  an  acquired  condition.  The  term  acquired,^  in  the  sense  in  which  it  is  employed 
in  physical  science,  can  be  applied  only  to  that  which,  in  the  coui'se  of  the  life  of  an  in- 
dividual, arises  only  through  outward  influences,  but  not  to  a  peculiarity  the  first  begin- 
nings of  which  already  existed  in  the  germ,  although  the  peculiarity  itself  may  not  have 
become  recognizable  until  outside  exciting  causes  had  exerted  their  influence  upon  its 
development.  Should  there  appear  in  a  family  hereditary  mental  disease  or  hereditary 
myopia,  the  first  case  may  have  already  been  due  to  a  pathological  condition  of  the  germ, 
although  no  manifestations  of  the  disease  occurred  until  some  of  the  outside  influences 
of  life  called  them  into  activity  and  so  rendered  the  recognition  of  the  pathological  con- 
dition possible.  Here,  too,  the  particular  pathological  condition  represents  no  true 
acquired  disease. 

There  is  still  another  thing  that  militates  against  the  idea  that  an  acquired  patho- 
logical condition  may  be  transmitted  from  parent  to  child  ;  I  refer  to  the  simple  consid- 
eration that  the  human  race  is  exposed  to  so  many  injurious  influences,  and  its  indi- 
vidual members  are  so  frequently  sufferers  from  diseased  conditions  and  mutilatioiLS, 
that,  if  this  doctrine  of  the  transmission  of  acquired  pathological  conditions  was  true, 
mankind  would  soon  be  in  a  condition  of  extreme  suffering  and  misery,  and  would  then 
perish.  And  this  statement  would  still  be  true  if  only  a  portion  of  the  acquired  ailments 
was  transmitted  to  the  descendants ;  for,  despite  all  their  diseases  and  mutilations, 
human  beings  continue  to  bring  descendants  into  the  world. 

The  act  of  fi'uctification — that  is,  the  first  step  which  leads  to  the  production  of  a 
new  individual — is  accomplished  by  the  copulation  of  the  sexual  nuclei — that  is,  of  the 
ovum  nucleus  and  that  of  the  spermatozoon  ;  and,  according  to  the  researches  of  the  last 
decade,  there  is  no  longer  any  doubt  that  these  two  nuclei  are  the  bearers  of  the  hereditary 
characteristics  of  the  parents,  and  that  the  individuality  of  the  two  copulating  nuclei  re- 
sides in  their  organization.  It  is  impossible  to  imagine  in  what  manner  processes  that 
take  place  in  the  body-cells  can  bring  about  in  the  sexual  nuclei,  which  are  lying  inside 
of  certain  special  cells  in  the  sexual  glands,  such  an  alteration  in  their  organization  tnat 
from  that  moment  onward  they  shall  contain  in  potential  form  the  acquired  characteris- 
tics of  the  body,  and  shall  transmit  them,  after  copulation  has  taken  place,  tQ  the 
descendants. 

Darwin  in  his  time  defended  the  opinion  that  acquired  characteristics  could  be 
transmitted  to  the  succeeding  generations,  and  sought  to  make  these  phenomena  intel- 
ligible by  assuming  that  molecules  fi^om  all  the  cells  of  the  body  contribute  to  the  forma- 
tion of  the  embryonal  cells,  and  that,  as  a  result  of  this,  any  alterations  which  take 
place  in  the  organism  can  be  transmitted  to  the  embryonal  cells.  Notwithstanding  this 
expression  of  his  opinion,  Darwin  makes  statements  in  his  vwitings  which  do  not  agree 
with  this  opinion  ;  indeed,  some  of  them  directly  contradict  this  view. 

§  38.  As  is  shown  in  the  explanations  given  in  §  32,  inherited  dis- 
eases are  alivays  such  as  arise  in  the  first  place  from  some  internxil  predis- 
position— i.e.,  such  as  have  developed  from  actual  beginnings  located  in  the 
germ  or  embryo — or  at  least  they  are  diseases  in  luhich  the  element  of  pre- 
disposition is  a  congenital  characteristic.  Conversely,  the  statement  maj^ 
be  made  that  all  the  normal  or  pathological  qualities  present  in  the  embryo 
are  transmissible. 

Consequently  the  question  of  the  primary  origin  of  inherited  dis- 
eases coincides  with  the  question  concerning  the  nature  of  the  causes 
of  internal  diseases — i.e.,  concerning  the  acquisition  of  those  pathologi- 
cal characteristics  v^^hich  we  regard,  after  they  have  made  their  appear- 
ance at  some  later  date,  as  arising  spontaneously,  and  as  having  their 
first  traces  in  the  germ  or  embryo. 

The  first  appearance  of  new  pathological  characteristics  which  are 
hereditary  may  be  connected  with  the  fact  that,  as  a  result  of  sexual 
procreation — i.e.,  of  the  union  of  tw^o  sexual  nuclei,  of  which  the  one 
is  the  bearer  of  the  transmitted  qualities  of  the  paternal  ancestor,  the 
other  of  those  of  the  maternal — new  variations  are  constantlv  appear- 
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ing,  so  that  the  fruit — that  is,  the  child — never  entirely  resembles  one 
parent;  more  frequently,  in  addition  to  the  qualities  which  the  parents 
offer,  it  also  possesses  new  qualities.  Even  if  we  assume  that  the  sex- 
ual nuclei  sometimes  contain  in  potential  form  exactly  the  same  charac- 
teristics as  those  belonging  to  the  parent  out  of  whom  they  originated, 
the  product  resulting  from  the  copulation  of  these  nuclei  would  never- 
theless present  a  certain  degree  of  variation  from  the  type  of  either 
parent.  It  may  be  said,  however,  that  in  a  case  like  this  the  differ- 
ences between  the  children  of  such  a  coui:)le  would  be  onh^  slight.  As 
a  matter  of  fact,  the  different  products  of  the  same  parents  may  vary  to 
an  immeasurable  extent  by  reason  of  the  fact  that  the  sexual  nuclei 
themselves  contain  a  mixture  of  the  characteristics  inherited  from  the 
paternal  and  maternal  ancestors,  and  that  this  mixture  is  never  the  same 
in  the  separate  sexual  nuclei  of  the  iDclividual. 

This  statement  is  in  harmony  with  the  fact  that  the  children  in  one 
family  alwaj^s  present  important  differences  in  their  bodil}'  and  mental 
characteristics,  and  with  the  further  fact  that  a  strong  degree  of  resem- 
blance is  observed  only  in  the  case  of  twins  that  have  been  i^roduced 
from  one  egg,  or,  in  other  words,  only  when  the  process  of  development 
has  in  both  children  started  from  the  same  act  of  coi)ulation. 

The  embryonal  variations  resulting  from  the  mixture  of  two  indi= 
vidually  different  hereditary  tendencies  can  find  their  expression  in 
most  varied  qualities  of  the  body  and  mind  of  the  developing  child.  If 
these  do  not  deviate  in  a  marked  degree  from  the  characteristics  which 
the  different  members  of  the  same  family  are  wont  to  show,  the  condi- 
tions are  looked  upon  as  normal,  and  generally  receive  no  particular 
attention;  but  if,  on  the  contrary,  imx:)ortant  differences  in  character  are 
produced,  the  occurrence  attracts  greater  attention,  and,  according  to 
the  value  which  it  has  for  the  individual,  it  is  considered  at  one  time  as 
something  favorable,  at  another  as  something  unfavorable,  something 
pathological.  When  small,  weak  parents  beget  children  who  grow  to 
be  big,  strong  men,  or  whose  mental  ability  surpasses  considerably  that 
of  the  parents,  it  is  regarded  as  a  favorable  occurrence.  If  a  genius  in 
any  branch  of  human  knowledge  and  skill  should,  as  sometimes  actually 
happens,  develop  suddenly  in  a  family — i.e.,  without  any  hint  of  a  par- 
ticularly high  mental  development  having  been  shown  among  the  ances- 
tors— the  occurrence  would  attract  universal  attention  and  would  be  con- 
sidered a  fortunate  event.  But  if,  on  the  other  hand,  strong  parents' 
beget  children  that  are  weak  or  physically  defective,  or  if  their  mental 
development  remains  considerably  backward  as  compared  with  that  of 
the  parents,  or  if  a  complete  arrest  of  development  shows  itself  in  some 
department  of  their  mental  faculties,  ice  call  this  newly  appearing  varia- 
tion unnatural,  patJiological. 

If  we  take  into  account  the  experiences  which  the  pathology  of  man 
and  of  animals  furnishes,  the  assumption  seems  fulh^  warranted  that 
among  the  transmissible  pathological  conditions  and  tendencies  very 
many,  perhaps  the  majority,  are  referable  to  a  variation  of  the  germ 
based  upon  the  amphimixis.  This  explanation  is  available,  therefore, 
for  the  group  of  the  hereditary  diseased  conditions  and  predispositions 
of  the  central  nervous  system,  for  hereditary  myopia,  for  hcemophilia, 
for  i^igment-degeneration  of  the  retina,  and  for  polydactylism.  If  such 
abnormal  characteristics  repeatedly  show  themselves  in  the  offspring  of 
parents  who  are  healthy  and  have  healthy  ancestors,  one  can  conclude 
that  the  sexual  nuclei  of  the  parents,  although  individually  normal,  have 
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through  their  union  produced  a  pathological  variation.  This  conclu- 
sion is  substantiated  when  one  or  both  parents  produce  normal  offspring 
through  copulation  with  other  individuals. 

Besides  the  variations  which  are  the  result  of  normal  sexual  repro- 
duction, it  is  highly  probable  that  pathological  variations  of  the  germ, 
which  lead  to  the  production  of  transmissible  pathological  characteris- 
tics, also  owe  their  origin  to  the  circumstance  that  harmful  influences 
may  have  been  exerted  upon  sexual  nuclei  or  upon  the  segmentation 
nucleus,  or  else  that  the  process  of  copulation — i.e.,  the  union  of  the 
sexual  nuclei — may  have  been  disturbed  in  some  manner.  The  sub- 
stance which  acts  prejudicially  may  be  a  product  of  the  body,  or  it  can 
come  from  without  and  at  the  same  time  also  produce  its  harmful  effect 
upon  the  body.  Consequently  in  these  cases  one  can  speak  of  the  acqui- 
sition of  a  transmissible  pathological  peculiarity  through  some  harmful  influ- 
ence emanating  from  the  outer  loorld.  But  this  expression  is  not  intended 
to  convey  the  idea,  as  many  seem  to  believe,  that  the  tissues  of  the 
body,  under  the  influence  of  outside  harmful  agencies,  first  undergo  cer- 
tain alterations  and  then  in  some  manner  convey  these  alterations  to  the 
germ-cells.  The  proper  explanation  is,  rather,  that  the  injurious  influ- 
ence exerts  its  force  directly  upon  the  sexual  nuclei  or  upon  the  segmen- 
tation nucleus,  and  here  produces  some  sort  of  a  change,  which  at  a  later 
date  leads  to  a  pathological  transformation  of  the  individual  who  is 
undergoing  development  from  the  impregnated  egg.  So  far  as  the  na- 
ture of  the  resulting  pathological  variation  is  concerned,  it  is  a  matter 
of  no  importance  whether  the  somatic  tissues  are  also  subjected  to  alter- 
ations, and  of  what  nature  these  are. 

If  a  transmissible  pathological  characteristic  has  been  produced,  it 
may — provided  it  does  not  abridge  life  or  prevent  reproduction — actu- 
ally be  transmitted  from  parent  to  offspring,  although  this  need  not 
necessarily  happen.  The  chances  that  this  particular  characteristic  will 
be  transmitted  are  greatest  when  the  parents  both  possess  it;  when,  for 
instance,  both  parents  are  affected  with  hereditary  deaf-mutism  or  with 
near-sightedness.  If  the  charactef^istic  is  wanting  in  one  parent,  there 
is  a  good  prospect  that  a  new  germ-variation  may  be  produced,  in  which 
the  pathological  characteristic  fails  entirely  to  manifest  itself,  and  in 
later  generations  completely  disappears.  If  there  are  several  descend- 
ants, and  if  the  tendency  to  this  pathological  defect  has  not  entirely  dis- 
appeared, it  may  show  itself  in  only  a  few  of  the  descendants,  and  then 
either  in  a  modified  or  in  an  aggravated  form.  Finally,  it  sometimes 
happens  that  the  characteristic  remains  latent  in  one  generation — i.e., 
it  does  not  extend  beyond  the  sexual  cells — and  then  reappears  in  the 
second. 

There  seems  to  me  to  be  no  doubt  that,  through  the  copulation  of  two  sexual 
germs  possessing  different  hereditary  tendencies,  variations  may  be  produced,  and  that 
among  these  there  may  be  certain  ones  whicli  we  should  consider  as  pathological.  It  is 
a  more  diihcult  thing  to  answer  the  question  whether,  besides  these,  there  are  not  trans- 
missible variations  of  a  pathological  character  which  owe  their  origin  to  influences  that 
affect  the  sexual  nuclei  or  the  segmentation  nucleus ;  and  with  what  frequency,  if  the 
question  is  answered  in  the  affirmative,  these  influences  are  exerted  effectively.  Weis- 
mann,  according  to  the  statements  made  by  him  in  his  most  recent  publication,  is  of  the 
opinion  that  the  first  beginnings  of  the  hereditary  variations  are  not  to  be  located  in  the 
ttmphimixis,  but  rather  in  the  direct  action  of  external  influences  upon  the  sexual  nuclei. 
Starting  out  with  the  assumption  that  the  variable  cells  or  groups  of  cells  derived  from 
the  germ  (by  him  called  hereditary  pieces  or  determinates)  are  represented  in  the  germ- 
plasma  by  special  particles,  which  are  formed  by  the  grouping  together  of  a  number  of 
life-trophoblasts,  or  biophores  (molecular  groups  which  represent  the  smallest  units  of 
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living  matter),  and  whicli  he  calls  determinants  or  determining  jjieces,  he  believes  that  he 
is  warranted  in  ascribing  the  transmissible  variation  primarily  to  the  circumstance  that 
external  agencies  alter  these  gi'oups  of  determinants  and  determinates  contained  within 
the  nuclear  chromatin,  in  such  a  manner  that  afterward  the  hereditary  pieces  or  deter- 
minates which  are  dependent  upon  them  also  undergo  a  change.  He  believes  that  such 
an  influence  might  be  exerted  by  excessive  nourishment  of  a  determinant,  causing  it  to 
assume  a  more  rapid  growth.  Thus,  for  example,  he  believes  that  many  congenital  mal- 
formations— as,  for  instance,  an  increase  in  the  number  of  finger's  and  toes — can  be  at- 
tributed to  the  overfeeding  and  consequent  reduplication  of  the  gi'oups  of  determinants. 
The  amphimixis  has,  according  to  Weismann,  only  a  secondary  influence  on  the  produc- 
tion of  a  lasting  variation,  and  this  influence  he  defines  to  be  the  following  :  that  it  con- 
stantly, in  some  new  manner,  mixes  the  variations  which  are  necessitated  by  the  altera- 
tions of  the  determinants,  and  yet  does  not  itself  produce  any  nezo  variations.  "The 
alterations  in  character  which  the  determinants  undergo,  through  unequal  influences  of 
nutrition,  constitute  the  material  out  of  which,  by  means  of  amphimixis  in  connection 
with  selection,  the  visible  individual  variations  are  developed  ;  and  then,  by  an  increase 
of  these  variations  and  by  their  combining  one  with  another,  entirely  new  varieties  are 
created." 

I  agree  with  Weismann  to  this  extent :  I  consider  that  the  appearance  of  new  varia- 
tions of  a  pathological  nature  is  partly  to  be  considered  as  resulting  from  changes  which 
have  been  effected  in  the  determinants  contained  in  the  sexual  nuclei  through  the  direct 
action  of  outside  influences.  I  do  not,  however,  believe  that  there  is  sufficient  ga'ound 
for  attributing,  as  does  Weismann,  the  development  of  new  separate  parts  to  the  greater 
nourishment  of  individual  groups  of  determinants.  Such  a  dependence  of  the  germ- 
plasma  upon  the  surrounding  ntitri five  material  appears  to  me  to  be  scarcely  conceivable, 
and  is  in  opposition  to  all  notions  which  we  have  hitherto  held  regarding  the  nutrition 
of  cells.  Accordingly,  qualitative  rather  than  quantitative  alterations  in  the  nutrient 
material  would  seem  to  be  what  is  required  in  order  to  effect  changes  in  the  organiza- 
tion of  the  determinants  ;  and,  further,  I  believe  that  amphimixis  holds  not  a  secondary, 
but  a  primary  position  in  the  production  of  pathological  variations,  in  the  sense  that  it 
is  itself  competent  to  produce  new  variations.  Finally,  it  seems  to  me  that  we  cannot 
wholly  set  aside  the  hypothesis  of  Nägeli,  according  to  which  the  idioplasma  is  capable 
of  altering  its  own  condition,  from  within  outward,  in  certain  fixed  directions  and  ac- 
cording to  certain  fixed  laws,  and  thus  may  produce  new  characteristics. 

§  34.  In  additiou  to  the  pathological  conditions  already  enumerated, 
there  are  a  few  infectious  diseases  in  which  an  hereditary  transmission 

seems  to  occur.  These  are  syphilis,  small-pox,  varicella,  intermittent 
and  recurrent  fevers.  At  all  events,  in  these  diseases  cases  are  some- 
times observed  in  which  a  child,  at  the  time  of  its  birth  or  soon  after- 
ward, develops  symptoms  of  the  same  disease  from  which  the  father  or 
the  mother  had  been  suffering  either  at  the  time  of  procreation  or  dur- 
ing the  period  of  gestation.  This,  however,  is  a  phenomenon  entirely 
different  from  that  already  spoken  of  as  hereditary  transmission. 

Infectious  diseases  are  caused  by  organisms  which  multiply  in  the 
body.  The  transmission  of  the  disease  to  the  child  becomes  possible 
only  wdien  the  infecting  organisms  belonging  to  this  particular  disease 
either  find  their  way  into  the  sexual  germ-cells  and  then  also  into  the 
impregnated  egg,  or  else  pass  from  the  maternal  organism  into  the  tis- 
sues of  the  child  wdiile  developing  in  the  uterus.  The  latter  can  occur 
so  long  as  the  child  remains  in  the  uterus,  and  it  obliges  us  to  assume 
that  the  infecting  organisms  pass  through  the  decidual  membranes  and 
the  outer  coverings  of  the  ovum — or,  in  the  later  periods  of  gestation, 
through  the  ^9?aeento— and  thus  are  transported  from  the  maternal  to  the 
child's  organism.  It  is  also  possible  that,  when  the  parents  keep  up 
cohabitation  for  a  certain  length  of  time  after  impregnation  has  taken, 
place,  the  micro-organisms  which  enter  the  vagina  with  the  sperm  may 
pass  on  into  the  uterus,  and  in  this  manner  infect  the  already  impreg- 
nated egg  which  is  within  that  organ. 

The  transmission  of  bacterial  infectious  diseases  to  the  embryo  is. 
beyond  all  doubt  a  possible  thing.     In  the  case  of  syphilis  this  may 
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take  place  at  the  instant  of  impregnation  as  well  as  later  during  intra- 
uterine development,  and  the  syphilis  may  be  communicated  to  the  child 
as  well  by  the  father  as  by  the  mother.  In  the  case  of  small-pox,  endo- 
carditis, and  scarlet  fever,  many  instances  of  infection  of  the  foetus  in 
utero  have  been  reported;  and,  from  recent  observations  and  experi- 
mental investigations,  there  can  no  longer  be  any  doubt  that  anthrax- 
bacilli,  pus-cocci  and  pneumococci,  and,  under  certain  conditions,  also 
typhoid-bacilli,  can  pass  through  the  placenta  to  the  foetus.  This  can 
occur  only  when  the  bacteria  gain  an  entrance  into  the  maternal  blood- 
channels  of  the  placenta,  and  are  capable  of  multiplying  there,  and  then 
of  penetrating  into  the  foetal  vessels — a  i)rocedure  which  is  rendered 
possible  chiefly  by  the  damage  done  by  the  multiplying  bacteria  to  the 
placental  tissue,  thereby  enabling  them  to  penetrate  into  the  latter  and 
to  multiply  within  it. 

There  are  therefore  both  conceptiona!  and  intra=uterine  placental' 
infections,  which  constitute  a  pseudo=form  of  hereditary  transmission, 
in  which  the  peculiar  characteristics  of  the  individual  are  not  transmit- 
ted to  the  embryo,  but  instead  an  organized  poison  finds  its  way  into  the 
germ  or  into  the  already  partially  developed  foetus,  where  it  undergoes 
further  development  and  then  calls  into  activity  the  same  disease  as  that 
with  which  the  parent  is  infected. 

Our  knowledge  concerning  the  frequency  of  these  occurrences  is,  un- 
fortunately, still  deficient.  In  the  case  of  the  most  frequent  of  all  chronic 
infectious  diseases,  tuberculosis,  the  role  played  by  the  disease  proper 
is  still  imperfectly  understood.  Such  a  form  of  hereditary  transmis- 
sion is  believed  to  exist  by  many  persons  in  lepra,  but  it  is  denied  by 
others ;  and  in  syphilis,  in  which  the  frequency  of  its  occurrence  is  not 
denied,  our  knowledge  of  the  nature  of  the  specific  poison  is  still  very 
meagre.  In  acute  bacterial  infections  we  know  only  of  a  transmission 
of  the  infection  to  the  already  developed  embryo.  How  far  the  egg  can 
be  infected  in  the  early  stages  of  impregnation  or  at  the  actual  moment 
of  conception,  without  its  further  development  being  hindered  thereby, 
is  unknown. 

If,  during  bacterial  infections,  infection  occurs  at  the  moment  of  con- 
ception, one  must  believe  that  the  organisms  belonging  to  the  particular 
disease  under  consideration  must  have  existed  in  the  sexual  glands  at 
the  time  when  the  sexual  cells  were  thrown  ofi*,  then  must  have  reached 
the  egg  at  the  moment  when  it  became  impregnated,  or  immediately 
afterward,  and  finally  must  have  continued  to  live  in  it  without  hinder- 
ing the  further  development  of  the  egg.  Then,  besides,  the  assumption 
must  be  made  that  the  schizomycetes  push  their  way  into  certain  regions 
of  tissues  during  foetal  development,  and  yet  do  not  give  rise  to  patho- 
logical processes  until  a  later  date  is  reached. 

In  a  manner  similar  to  tliat  by  whicli  infections  are  carried  to  tlie  fcetus  can  an 
acquired  insusceptibility  to  some  particular  disease  be  transmitted  from  the  mother  to  the 
child — that  is,  the  antibodies  (Ehrlich)  present  in  the  maternal  organism  can  be  trans- 
mitted to  the  foetus.  On  the  other  hand,  a  transmission  of  immunity  through  the  sperm, 
at  the  moment  of  conception,  does  not  take  place,  and  likewise  there  is  no  sucii  thing  as 
a  genuine  hereditary  transmission  of  an  acquired  immunity.  The  experiments  of 
Charrin  and  Gley,  which  are  quoted  in  support  of  this  idea,  admit  of  a  different  inter- 
pretation. 


CHAPTER  III. 

Disturbances  in  tlie  Circulation  of  the  Blood  and   of 

the  Lymph. 

I.  General  Circulatory  Disturbances  Dependent  upon  Changes  in 
the  Function  of  the  Heart,  Changes  in  the  General  Vascular 
Resistance,  and  Changes  in  the  flass  of  the  Blood. 

§  35.  It  is  bj  the  work  of  tlie  lieart,  in  tlie  rliytlimical  contractions 
of  its  auricles  and  ventricles,  that  the  mass  of  the  blood  is  kept  con- 
stantly in  motion.  The  blood  within  the  elastic  walls  of  the  aorta,  as  it 
is  driven  toward  the  peripher}-  of  the  body,  meets,  in  the  friction  which 
exists  within  the  innumerable  divisions  and  subdivisions  of  the  arterial 
system,  a  considerable  degree  of  resistance;  and  this  occasions  a  rela- 
tively^ high  pressure  throughout  the  whole  arterial  system,  a  pressure 
which  in  the  human  arteria  femoralis  equals  that  of  about  120  mm.  of 
mercury.  After  passing  through  the  capillaries  the  blood  arrives  in  the 
veins  with  very  little  velocity,  and  stands  in  the  veins  under  a  ver\'  low 
pressure,  which  varies,  however,  according  to  the  location  of  the  vein, 
and  is  greatest  where  the  vessel  sustains  a  blood-column  of  considerable 
height.  In  the  great  venous  trunks  in  the  neighborhood  of  the  thorax 
the  pressure  is  generally  negative,  particularh'  during  inspiration,  as 
the  thorax  during  this  stage  of  respiration  aspirates  the  blood  from  the 
veins  lying  without  the  chest.  Only  during  forced  exj^iration  does  the 
positive  pressure  within  the  veins  rise  somewhat  higher. 

At  a  given  moment,  the  degree  of  pressure  in  the  aorta,  the  mass  of 
the  blood  remaining  constant,  is  dependent  upon  the  work  of  the  heai-t 
and  upon  the  resistance  in  the  arterial  system,  and  this  in  turn  is  de- 
pendent upon  the  combined  cross-sections  of  the  blood-vessels,  an  area 
which  varies  on  account  of  the  elasticity  and  contractility  of  the  arte- 
ries. In  the  corporeal  circulation  the  tension  of  the  arteries  is  very 
considerable ;  in  the  pulmonary  circulation  it  is  but  slight,  the  blood- 
pressure  in  the  pulmonary  artery  being  only  from  one-third  to.  two-fifths 
that  in  the  aorta.  Both  the  heart  and  the  arteries  are  under  the  influ- 
ence of  the  nervous  system  which  regulates  their  action. 

The  function  of  the  heart  consists  in  rhythmical  contractions  of  the 
heart-muscle,  and  its  normal  efficiency  presui)poses  that  the  heart-mus- 
cle as  well  as  the  heart-ganglia  be  sound.  Every  lesion  of  the  heart, 
therefore,  in  just  so  much  as  it  diminishes  the  contractility  of  the  heart- 
muscle  and  disturbs  the  action  of  the  cardiac  ganglia,  and  in  just  so  far 
as  the  diminution  in  the  efficiency  of  certain  parts  of  the  heart-mechan- 
ism is  not  compensated  by  increased  activity  of  other  parts,  will  impede 
the  effective  w^orking  of  the  heart. 

In  many  cases  in  which  the  efficiency  of  the  heart-muscle  has  become 
impaired,  certain  anatomical  changes,  such  as  fatty  degeneration  and 
the  disintegration  of  its  cells,  can  be  demonstrated ;  in  others  micro- 
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scopic  examination  fails  to  reveal  any  anatomical  differences,  particu- 
larly in  cases  in  which  the  diminution  of  efficiency  has  resulted  from  the 
exhaustion  consequent  upon  overexertion.  This  may  occur  either  when 
— as,  for  instance,  in  cases  of  febrile  temperature, — for  a  considerable 
length  of  time,  the  heart  performs  its  function  under  unfavorable  condi- 
tions, though  at  no  time  forced  to  work  more  than  slightly  beyond  its 
normal  rate ;  or  when,  for  a  brief  period,  the  demands  upon  the  heart 
become  excessively  severe.  Moreover,  either  trophic  disturbances,  or 
the  toxic  condition  accompanying  the  febrile  infectious  diseases,  or  sud- 
den diminution  of  the  blood-supply  from  obstruction  of  a  coronary 
artery,  may,  under  certain  circumstances,  bring  about  heart-failure 
within  too  short  a  time  to  allow  anatomical  lesions  of  the  muscular  tis- 
sue to  become  recognizable.  A  further  obstacle  to  the  working  of  the 
heart  is  occasionally  caused  by  adhesions  of  the  surface  of  the  heart  to 
the  pericardium  and  to  contiguous  portions  of  the  lung,  inasmuch  as 
the  heart  is  thereby  hindered  in  the  amplitude  of  its  contractions. 

Through  the  serous  collections  in  the  pericardium  which  occur  dur- 
ing the  course  of  certain  diseases,  through  pronounced  degrees  of  tho- 
racic deformity,  through  high  convexity  of  the  diaphragm,  the  ready 
enlargement  of  the  heart  during  diastole  may  be  impeded,  and  thereby 
the  free  afflux  of  blood  from  the  venous  system  be  interfered  with  to 
such  an  extent  that  ultimately  the  blood  is  but  scantily  furnished  to  the 
ventricles.  Should  rents  or  distortions  of  the  flaps  of  the  valves  occur, 
or  adhesions  between  them  arise  in  consequence  of  pathological  proc- 
esses, or  should  the  valve-flaps,  on  account  of  dilatation  of  the  heart  and 
spreading  of  its  orifices,  become  relatively  too  short,  then  there  will  be 
developed  at  the  orifices  of  the  ventricles  and  of  the  auricles  the  condi- 
tions which  are  known  as  insufficiency  and  stenosis.  The  former  of  these 
is  a  condition  in  which  a  valve,  during  the  dilatation  of  the  auricle  or  ven- 
tricle next  ahead  of  it,  fails  to  completely  close  its  proper  orifice,  the 
latter  a  condition  in  which,  during  the  contraction  of  the  auricle  or  ven- 
tricle behind  it,  the  ostium  fails  to  become  sufficiently  widely  open. 
The  effect  of  a  stenosis  is  that  of  opposing  additional  obstacles  to  the 
passage  of  the  blood  during  systole;  in  the  case  of  insufficiency',  aortic 
or  pulmonary,  the  blood  escapes  during  the  ventricular  diastole  from 
the  great  vessels  back  into  the  ventricles ;  in  the  case  of  mitral  or  of  tri- 
cuspid insufficiency  the  ventricular  systole  forces  the  blood  back  into  the 
respective  auricles. 

Finally,  clots  are  not  infrequently  formed  in  the  heart,  and  these,  un- 
der certain  circumstances — particularly  when  they  lie  in  proximity  to 
the  ostia — on  the  one  hand  interfere  with  the  closure  of  the  valves,  and 
on  the  other  hand  cause  a  narrowing  of  the  orifice. 

The  universal  operation  of  all  the  above-mentioned  pathological  con- 
ditions of  the  heart  is  to  x>roduce  the  following  results :  the  efficiency 
of  the  heart's  function  becomes  impaired,  too  small  a  volume  of  blood 
is  in  a  given  time  delivered  to  the  arterial  system,  and  consequently  the 
blood-pressure  in  the  aorta  falls,  the  velocity  of  the  blood-current  is 
lessened,  and  the  blood  collects  more  and  more  in  the  venous  system, 
while  the  pressure  in  the  veins  rises.  There  is  consequently  an  inade- 
quate filling  of  the  arteries  throughout  the  whole  body,  varying,  indeed, 
according  to  the  degree  of  contraction  maintained  in  individual  groups 
of  arteries,  while  both  veins  and  cajjillaries  are,  on  the  other  hand,  over- 
filled with  blood.  The  condition  becomes  one  of  general  venous  hyper= 
asmia,  which  may  in  some  parts  become  so  great  that,  on  account  of  the 
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engorgement  of  the  capillaries  with  venous  blood,  the  tissues  acquire  a 
livid,  cyanotic  cqopearance.  When  the  difference  between  the  pressure 
in  the  arterial  and  that  in  the  venous  system  reaches  a  certain  mini- 
mum, the  circulation  is  arrested,  while  the  right  auricle  and  ventricle 
become  greatly  distended  with  blood. 

Should  the  contractions  of  the  heart  have  become,  from  any  cause, 
feeble  and  incomplete,  then  the  pulse-wave  also  is  small.  Should  the 
rate  of  the  heart-beats  become  slower,  the  arterial  system  during  the 
interval  between  two  systoles  tends  to  empty  itself  more  than  normally. 

If  the  impairment  of  cardiac  efficiency  is  essentially  dependent  upon 
imperfect  function  of  the  left  side  of  the  heart,  as  is  the  case,  for  in- 
stance, in  valvular  lesions  of  the  left  heart,  then  the  disturbance  of  the 
circulation  first  becomes  manifest  in  the  arterial  portion  of  the  cori:)oreal 
and  in  the  i^ulmonary  circulation. 

With  stenosis  at  the  aortic  orifice,  the  arteries,  if  the  heart's  action 
remains  unchanged,  fill  but  slowly  and  incompletely  (pulsus  tardus). 
With  insufficiency  of  the  aortic  valves,  a  normal  or  even  an  increased 
volume  of  blood  is  indeed  thrown  into  the  arteries  (pulsus  celer),  but 
a  portion  of  this  flows  back  into  the  ventricle  during  diastole.  In 
both  cases  an  overdistention  of  the  left  ventricle  becomes  more  and 
more  established,  and  eventually  it  leads  to  an  interference  with  the 
emptying  of  the  left  auricle,  and  thereby  to  over-accumulation  of  blood 
in  that  chamber  and  subsequently  in  the  pulmonary  veins.  Owing, 
however,  to  the  low  pressure  in  the  i^ulmonary  circulation,  the  blood  is 
readily  dammed  back  upon  the  right  ventricle,  and  the  tendency-  to 
blood-stasis,  extending  beyond  this,  reaches  to  the  right  auricle  and 
finally  to  the  venous  system  throughout  the  body. 

A  similar  efi'ect  upon  those  portions  of  the  circulators^  apparatus 
which  lie  back  of  the  left  auricle  is  caused  bj-  valvular  lesions  at  the 
mitral  orifice,  as  in  these  cases  also  there  are  blood-stasis  in  the  pulmo- 
nary circulation  and  a  rise  of  i)ressure  in  the  pulmonary  veins  and  in 
the  pulmonary'  arteries ;  while  the  left  ventricle  either  receives  too  small 
a  supply  of  blood  (stenosis)  or  during  its  contraction  drives  back  a  por- 
tion of  its  contents  (insufficiency)  into  the  auricle. 

In  valvular  lesions  at  the  orifices  of  the  right  heart,  the  damming 
back  of  the  blood  is  limited  to  the  veins  of  the  corporeal  circulation, 
while  in  the  pulmonary  circulation  both  velocity  and  pressure  are  di- 
minished. Ultimately  the  pressure  falls  in  the  aortic  system  also,  as 
the  left  side  of  the  heart  receives  a  diminished  supply  of  blood. 

Damming  back  of  the  blood  in  the  great  veins  of  the  body  often  gives 
rise  to  venous  pulsation  in  the  neighborhood  of  the  thorax,  as  in  these 
veins  waves  moving  toward  the  capillaries  arise,  which  overcome  and 
pass  the  venous  valves,  and  in  particular  the  valve  in  the  bulb  at  the 
junction  of  the  internal  jugular  and  subclavian  veins.  The  cause  of  the 
venous  pulsation  is  the  failure  of  the  valves  in  the  veins  to  close.  In 
case  of  imperfect  function  of  the  valve  at  the  bulb  this  pulsation  maj^  be 
observed  in  a  slight  degree  even  during  normal  action  of  the  heart ;  but 
when  there  is  distention  of  the  veins,  and  particularly  when  there  is  tri- 
cusi)id  insufficiency',  the  pulsation  is  far  stronger  and  is  traceable  much 
farther  toward  the  periphery.  If  the  tricuspid  still  closes  completely, 
the  venous  pulsation  is  then  only  the  expression  of  the  rhythmical  re- 
currence of  a  hindrance  to  the  outflow  of  the  blood  from  the  veins ;  if 
the  tricuspid  is  incompetent,  blood  is  driven  back  upon  the  veins  during 
the  contraction  of  the  right  ventricle. 
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AVlieu  certain  of  tlie  chambers  of  a  heart  affected  with  valvular  le- 
sions become  distended  with  blood,  the  muscular  walls  of  these  chambers 
may,  by  an  increased  activity,  compensats,  to  a  certain  degree,  for  such 
valvular  defects.  In  course  of  time  an  increase  in  volume— a  hyper= 
trophy  of  the  heart=muscle — follows,  and  enables  the  heart  for  an  in- 
definite period  to  meet  the  increased  demands  upon  it.  Such  compen- 
sation, however,  frequently  becomes  inadequate,  with  the  result  that  the 
pressure  permanently  remains  abnormally  low  in  the  aorta  and  abnor- 
mally high  in  the  veins.  There  is,  at  the  same  time,  the  danger  that 
the  heart-muscle  may  tire  in  time,  or  that  a  very  slight  illness  may  render 
the  heart  insufficient.  Thus,  for  example,  a  prolonged  quickening  of  the 
heart's  action,  in  that  it  abbreviates  the  diastolic  rest  of  the  heart-mus- 
cle, may  suffice  to  bring  about  fatigue  and  insufficiency  of  the  heart. 
Cardiac  arrest  finally  follows,  with  great  accumulation  of  blood  in  the 
heart  from  sheer  inability  of  the  organ  to  drive  onward  the  mass  of  blood 
flowing  into  it. 

Increased  heart  action — that  is,  greater  frequency  of  the  contrac- 
tions, each  being  strong  and  full — causes  a  rise  in  arterial  blood-press- 
ure and  an  increased  velocity  of  the  blood-current.  When  increased 
demands  are  repeatedly  made  upon  the  left  side  of  the  heart — as  fre- 
quently happens  in  consequence  of  severe  bodily  labor,  of  high  living, 
or  of  abnormal  irritability  of  the  cardiac  nerves — the  left  ventricle  may 
become  hypertrophied  and  may  act  permanently  with  increased  force. 
Inasmuch  as  from  quickening  of  the  blood-current  the  right  cavities  of 
the  heart  receive  a  larger  amount  of  blood  during  diastole,  the  hyper- 
trophy of  the  left  side  of  the  heart  ordinarily  becomes  accomj)anied  by 
a  similar  condition  of  the  right  ventricle. 

Lessening  of  the  mass  of  blood,  or  general  anemia,  from  hemor- 
rhage, leads  to  a  temi)orary  lowering  of  pressure  in  the  aorta ;  but  if 
the  loss  of  blood  was  not  excessive,  this  pressure  presently  rises  again 
as  the  blood-vessels  adax)t  themselves  to  their  new  conditions,  and,  as 
a  consequence  of  the  stimulation  of  the  vaso-motor  centre  through  local 
anaemia,  display  a  higher  degree  of  contraction.  Under  normal  condi- 
tions a  speedy  increase  in  the  mass  of  the  blood  takes  place  through 
absorption  of  fluids,  and  later  on  through  regeneration  of  the  blood 
proper.  Similarly,  the  arterial  pressure  is  lowered  and  the  blood-cur- 
rent slowed  in  anhydraemia,— i.e.,  in  diminution  of  the  fluid  portion  of 
the  blood.  After  severe  hemorrhage  the  arterial  pressure  remains  low 
for  a  considerable  period  of  time.,  the  circulation  being  slowed,  and  the 
pulse,  because  of  lessened  stimulation  of  the  vagus-centre  (Cohnheim), 
being  frequent  and  small. 

In  case  of  long-continued  diminution  of  the  mass  of  the  blood — that 
condition  which  is  known  as  chronic  anaemia,  and  api)ears  under  many 
different  circumstances— the  vascular  system  is  but  imperfectly  filled, 
the  blood-pressure  is  lowered,  and  the  blood-current  is  slowed.  Both 
the  heart  and  the  blood-vessels  adapt  themselves  to  the  new  conditions 
and  become  diminished  in  volume.  With  great  deficiency  in  haemo- 
globin, degeneration  of  the  heart-muscle — particularly  fatty  degenera- 
tion— frequently  takes  place. 

In  the  lower  animals  increase  in  the  volume  of  the  blood  through 
injection  of  blood  or  of  salt-solution  into  the  vessels  is  followed  by  onh^ 
a  temporary  increase  in  the  blood-pressure  and  in  the  velocity  of  the 
blood-current.  A  return  to  the  normal  follows,  partly  through  the  dila- 
tation of  a  portion  of  the  vascular  system,  particularly  in  the  abdomen, 
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partly  through  the  elimiüation  of  the  surplus  from  the  vessels.  If  the 
mass  of  the  blood,  as  a  result  of  some  si:)ecial  diathesis  or  of  high  living, 
comes  to  stand  in  abnormally  high  proportion  to  the  weight  of  the  bodj-, 
if  there  exists  a  permanent  condition  of  plethora,  the  pressure  in  the 
aorta  will  then  be  permanent!}'  raised  in  consequence,  the  task  of  the 
heart  will  be  permanently  increased,  and  a  corresponding  degree  of  car- 
diac hypertrophy  will  ensue. 

§  36.  Increase  of  general  vascular  resistance  occurs  as  well  in  the 
corporeal  as  in  the  pulmonary  circulation,  and  results  in  increased  press- 
ure behind  the  point  of  increased  resistance,  and  diminished  pressure 
ahead  of  it. 

In  the  corporeal  circulation  the  hindrance  may  lie  either  in  the  main 
vessel,  the  aorta,  or  else  in  the  arterial  branches,  whose  degree  of  con- 
traction maintains  and  governs  the  i:>ressure  in  the  aorta.  Vascular 
contraction  involving  areas  supplied  by  a  large  number  of  arteries,  and 
sufficiently  well  marked  to  increase  the  blood-pressure,  is  generally  but 
a  temporary  phenomenon,  passing  off  with  the  relaxation  of  the  arterial 
excitement;  nevertheless  permanent  increase  in  blood-pressure  does 
occur,  accompanied  by  hypertrophy  of  the  left  ventricle,  and  it  cannot 
well  be  accounted  for  otherwise  tlian  as  the  result  of  a  contraction  of  the 
lumen  of  the  smaller  arteries.  Temporary  arterial  contraction  and  in- 
crease of  pressure  occur  i:)articularly  through  overcharging  of  the  blood 
with  carbonic  acid ;  permanent  increase  of  i:)ressure  in  the  aorta,  on  the 
contrary,  is  a  result  of  chronic  kidney -disease  in  which  the  secreting 
parenchyma  of  the  kidney  is  cut  off  from  the  circulation.  Inasmuch, 
however,  as  that  portion  of  the  vascular  system  which  is  in  this  case  cut 
off  is  far  too  inconsiderable  to  cause,  by  itself,  an  increase  of  pressure 
throughout  the  whole  aortic  system, — since  the  blood-vessels  leading  in 
other  directions  might  well  become  correspondingly  relaxed, — we  are 
compelled  to  assume  that  in  the  case  of  "contracted  kidney  "  other  ob- 
stacles to  the  circulation  are  developed  throughout  more  considerable  vas- 
cular areas,  and  these  we  most  naturally  seek  in  that  apparatus  which  nor- 
mally serves  to  maintain  the  aortic  pressure  at  its  proper  level — namely, 
in  the  smaller  arteries  distributed  throughout  the  body.  Whether  we 
have  to  do  with  reflex  stimulation  from  the  kidneys  through  the  nerves, 
or  whether  with  retained  urinary  ingredients  working  upon  the  vaso- 
motor centres  or  directlj^  upon  the  walls  of  the  vessels,  or  whether  with 
the  heart  driven  to  more  forcible  action  through  stimulation  of  its  nerves, 
we  are  not  at  i3resent  able  to  determine. 

Increase  of  resistance  in  the  aorta  may  result  from  stenosis  of  this 
vessel,  as  occurs  in  rare  cases  at  the  isthmus, '  or  from  congenital  nar- 
rowness of  the  whole  aorta,  or  from  large  aortic  thrombi,  or  from  an 
advanced  stage  of  disease  of  the  vessel-wall,  with  the  intima  consequently 
rough  and  lumpy  and  the  whole  vessel  rigid,  inelastic,  and  unyielding, 
or,  finally,  froin  a  general  dilatation  of  the  vessel,  whereby  counter-cur- 
rents are  formed  in  the  passing  blood-stream. 

Diminution  of  the  total  resistance  in  the  corporeal  circulation  is 
possible  through  relaxation  of  the  tone  of  a  large  part  of  the  arteries,  an 
event  which  follows  when  the  vaso-motor  centre  is  paralyzed  or  when 

^  The  "isthmus"  is  that  part  of  the  descending  aorta  which  lies  between  the  origin 
of  the  left  subclavian  artery  and  the  attachment  of  the  ligamentum  arteriosum  (the  ob- 
literated ductus  arteriosus  Botalli).  Its  calibre  during  fa?tal  life  is  commensurate  with 
the  relatively  small  amount  of  blood  it  carries  from  the  left  ventricle  to  the  lower  ex- 
tremities (Luschka,  "Die  Anatomie  des  Menschen"). — Translator's  Note. 
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the  cervical  cord  is  divided  or  -parHj  destroyed  by  any  other  process. 
As  the  blood,  in  this  case,  flows  too  quickh'  from  the  arteries  over  into 
the  veins,  an  equalization  of  the  pressure  between  arteries  and  veins  fol- 
lows, the  blood-current  is  slackened,  the  heart  receives  during  diastole 
an  insufficiency  of  blood,  and  the  circulation  may  finally  come  to  a 
standstill. 

Increase  of  the  resistance  in  the  pulmonary  circulation  arises  most 
frequently  in  consequence  of  disease  of  the  lungs  and  of  the  pleura. 
Simple  adhesions  of  the  pleura  may  be  a  cause  of  such  increased  resist- 
ance; and  so  also  curvatures  of  the  spine,  in  that  they  cause  displace- 
ments of  the  lungs  and  hinder  the  resi)iratory  movements  of  the  chest- 
wall  and  thereby  cause  the  withdrawal  of  an  efficient  aid  to  the 
circulation.  Of  great  influence,  moreover,  are  such  pulmonary  affec- 
tions as  hypertrophic  emphysema,  retractions  and  indurations  of  the 
lungs  and  the  breaking  down  of  portions  of  the  lung-tissue, — all  of  which 
lead  to  impermeability  of  a  portion  of  the  pulmonary  capillaries ;  and 
the  same,  furthermore,  is  true  of  compression  of  the  lungs  by  pleural 
exudations,  and  of  compression  of  the  x:»ulmonary  arteries  by  aortic 
aneurism  or  by  tumors. 

If  the  obstacle  is  but  inconsiderable,  the  blood  can  still  make  for 
itself  a  free  i:»assage  to  the  left  side  of  the  heart  without  increase  in  the 
blood-pressure,  provided  the  velocity  of  the  flow  is  increased  through 
the  channels  that  still  are  open.  Greater  obstacles  cause  increase  of 
pressure  in  the  pulmonary  artery  and  in  the  right  side  of  the  heart, 
and,  if  they  continue  for  a  long  time,  may  cause  hj^pertroj^hy  of  the 
right  ventricle  through  increased  exertion  of  the  heart.  This  can  come 
to  pass,  however,  only  when  the  nutrition  of  the  heart-muscle  is  mean- 
time maintained,  and  when  the  mass  of  the  blood  is  not  diminished 
to  correspond  with  the  diminution  in  the  area  of  the  pulmonary  tract. 
If  the  right  side  of  the  heart  does  not  succeed  in  overcoming  the  obstacles 
in  the  pulmonary  circulation,  the  blood  is  then  dammed  back  ui:)on  the 
right  side  of  the  heart  and  eventually  upon  the  venous  system. 

Hise  of  the  pi-essure  in  the  right  half  of  the  thorax  hinders  the  influx 
of  the  venous  blood  into  the  right  auricle,  and  causes  an  accumulation 
of  blood  in  the  veins  of  the  whole  body.  A  sudden  increase  in  the 
pressure  may  cause  the  blood  to  flow  back  into  the  neighboring  veins. 

The  observation  that  cardiac  hypertrophy  results  from  various  renal  diseases  has 
been  differently  explained  by  different  authors.  Some  seek  the  cause  of  the  phenomenon 
in  an  increase  in  the  mass  of  the  blood  (Traube,  Bamberger)  ;  others  (Senator,  Ewald) 
think  it  dependent  upon  a  change  in  the  composition  of  the  blood ;  others,  again  (Gull 
and  Sutton),  ascribe  it  to  a  widespread  alteration  in  the  walls  of  the  smaller  arteries. 
Buhl  attributes  it  to  over-nourishment  of  the  heart.  The  result  of  recent  investigations 
places  beyond  doubt  the  dependence  of  the  cardiac  hypertrophy  accompanying  renal  dis- 
ease upon  an  increase  of  arterial  pressure.  This  increase  is  very  probably  due  to  an  in- 
crease in  the  degTee  of  resistance  offered  by  the  small  arteries  generally  throughout  the 
body, — a  resistance  which  owes  its  existence  to  the  contraction  of  these  small  vessels. 
For  an  explanation  of  what  causes  the  latter  phenomenon  we  shall  have  to  assume  that 
it  is  due  either  to  the  direct  stimulus  supplied  by  the  urinary  elements  that  circulate  in 
the  blood,  or  to  some  reflex  influence  emanating  from  the  kidney,  or  finally  to  some  in- 
fluence exerted  upon  the  vaso-motor  centre.  It  is  possible  also  that  in  this  matter  some 
importance  should  attach  to  increased  heart  activity. 

According  to  the  observations  of  Löwit,  compression  of  the  trunk  of  the  aorta 
sometimes  does  and  sometimes  does  not  cause  an  increase  of  blood-pressure  in  the  pul- 
monary artery.  Löwit  considers  this  rise  in  pressure  to  be  independent  of  the  stasis  in 
the  left  auricle.  In  his  opinion,  the  rise  does  not  result  from  a  damming  back  of  the 
blood  from  the  left  on  to  the  right  side  of  the  heart,  but  much  rather  is  caused  by  an  in- 
creased afflux  of  blood  lo  the  right  side  of  the  heart,  which  is  in  its  turn  brought  about 
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Tay  a  relaxation  of  the  contracted  arterioles  due  to  cerebral  anaemia.  The  correctness  of 
Löwit's  observations  cannot  be  called  in  question,  and  his  interpretation  also  is  to  be 
accepted,  but  it  is  by  no  means  to  be  considered  as  showing  that  in  cases  of  permanent 
obstructions  in  the  corporeal  circulation,  or  in  the  left  side  of  the  heart,  which  cause  a 
setting  back  of  the  blood,  such  a  damming  back  of  the  blood  does  not  reach  the  pulmo- 
nary artery  and  by  way  of  the  lungs  extend  beyond  it  into  the  rigbt  side  of  the  heart. 


II.   Local  Hyperaemia  and    Local  Anaemia. 

§  37.  To  the  blood  is  assigned  the  function  of  carrying  nourishment 
io  all  the  organs  and  tissues  of  the  body.  The  cells  and  cellular  struc- 
tures of  which  the  various  tissues  are  composed  are  able  to  maintain 
their  existence  but  a  short  time  without  the  advent  of  fresh  supplies  of 
nutritive  material,  and  for  this  reason  most  of  the  tissues  are  provided 
with  blood-vessels,  and  such  tissues  as  lack  them  are  placed  in  the  most 
intimate  connection  with  vascular  structures. 

The  demands  of  the  various  tissues  for  blood  are  not  always  uniform, 
and  there  is  consequently  in  the  various  tissues  an  alternating  increase 
and  decrease  in  the  afflux  of  blood,  and  at  the  same  time  in  the  amount 
of  blood  contained  within  the  organ  or  tissue  at  a  given  moment.  An 
organ  richly  filled  with  blood  is  designated  as  hypera^mic;  if  contain- 
ing but  little  blood  it  is  said  to  be  ansemic. 

The  regulation  of  the  volume  of  blood  which  an  organ  receives  under 
physiological  conditions  is  brought  about  by  a  change  of  the  resistance 
in  the  afferent  arteries,  and  this  change  is  effected  exclusively  by  varia- 
tions in  the  calibre  of  these  vessels.  Inasmuch  as  the  mass  of  the  blood 
in  the  body  does  not  suffice  to  fill  all  the  vessels  at  once,  an  extra  supph^ 
for  one  organ  becomes  possible  onh'  by  diverting  the  blood  from  other 
directions.  The  change  in  the  calibre  of  an  artery  is  determined,  aside 
from  the  blood-pressure,  by  the  elasticity  of  its  walls  and  b}'  the  degree 
of  contraction  of  its  organic  muscular  fibres.  These  fibres  are  the  regu- 
lating agents,  and  their  action  is  dependent  loartly  upon  influences  act- 
ing on  them  directly,  partly  upon  nervous  impulses  from  the  intravas- 
cular plexuses  and  from  the  vaso-motor  centres  in  the  spinal  cord  and 
in  the  medulla  oblongata;  some  stimulating  and  others  inhibiting  the 
muscular  action. 

When  the  variations  from  a  mean  in  the  blood-supply  of  a  part  over- 
step the  physiological  limits,  or  when  these  variations  arise  without 
their  physiological  causes,  or  when  the  condition  is  unduly  protracted, 
we  then  call  the  state  one  of  pathological  hypersemia  or  of  pathologi= 
cal  anaemia.  These  conditions  are  only  in  part  caused  by  the  same  gov- 
erning mechanism  which  determines  the  normal  blood-supply  of  an 
organ. 

§  38.  Hyperemia  of  an  organ  is  caused,  under  pathological  condi- 
tions, either  by  an  increase  of  the  arterial  supply  or  by  an  obstruction 
and  hindrance  to  the  venous  outflow,  and  we  distinguish,  accordingh', 
an  active  or  congestive  (arterial)  hypercemia  and  a  ^^«ssiY'e  or  stagnation 
(venous)  liyperwmia.  Active  hyperaemia  arises  from  an  increase  of  the 
afflux  of  hlood  {congestion),  and  is  either  idiopatldc  or  collateral.  The 
first  of  these  plays  the  more  important  role,  and  depends  upon  a  relaxa- 
tion of  the  muscular  tunics,  which  is  caused  either  by  jDaralysis  of  the 
vaso-constrictor  nerves  {nearop)aralytic  congestion),  or  by  stimulation  of  the 
vaso-dilators  {neurotic  congestion),  or  by  direct  iveakening  or  ^jara/?/siS  of 
the  muscles  (as,  for  instance,  through  heat,  bruising,  the  action  of  atro- 
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pine,  brief  interruptions  of  the  blood-current),  or,  finally,  by  diminution 
of  the  external  pressure  exerted  iqjon  the  vessels.  Collateral  hypercemia  is 
merely  the  result  of  a  diminished  flow  of  blood  to  other  parts.  It  arises 
first  in  the  immediate  neighborhood  of  the  parts  whose  blood-supj^ly  is 
lessened ;  afterward  the  blood  may  be  driven  also  to  such  other  more 
remote  organs  as  may  require  it. 

Active  hypercemia  is  accompanied  by  more  or  less  mar'ked  redness . 
and  swelling  of  the  part — changes  which  are  quite  striking  in  tissues  that 
are  rich  in  blood-vessels.  The  blood  flows  through  its  widened  chan- 
nels with  increased  velocity  and  lends  to  the  tissue  the  color  of  arterial 
blood.  Tissues  situated  superficially,  and  thus  exposed  to  cooling, 
grow  warmer  in  consequence  of  the  more  active  passage  of  blood  througk 
them  than  through  the  surrounding  parts  less  generously  supplied. 

Passive  hypersemia  is  a  consequence  of  retardation  or  obstruction  of 
the  flow  of  blood  in  the  veins.  A  general  tendency  to  blood-stasis  throughout 
the  corporeal  circulation  ioWov^s  directly  whenever  feebleness  of  the  heart's 
action,  insufficiency  or  stenosis  of  the  cardiac  valves,  or  obstructions  in  the 
pulmonary  circulation  imj)ede  the  emptying  of  the  large  veins  into  the 
right  side  of  the  heart.  In  the  pulmonary  circulation  it  is  more  particu- 
larly aortic  or  mitral  lesions,  or  weakness  of  the  left  side  of  the  heart,  less 
frequently  obstacles  in  the  arterial  portion  of  the  corporeal  circulation, 
which,  by  obstructing  the  outflow  of  blood  from  the  lungs,  lead  to  a  pul- 
monary stasis ;  and  this  may  not  infrequently  reach  a  degree  that  will 
cause  the  damming  back  of  the  blood  to  become  appreciable  in  the  right 
side  of  the  heart  as  well  as  in  the  veins  of  the  corporeal  circulation  (cf. 
§35  and  §36). 

Local  stasis  may  follow  directly  from  the  fact  that  the  progress  of 
the  blood  through  the  veins  lacks  the  continued  support  of  the  action 
of  the  muscles  and  of  the  aspiration  of  the  blood  through  the  inspiratory 
enlargement  of  the  thoracic  cavity.  The  defection  of  the  first  of  these 
auxiliary  forces  becomes  most  obvious  in  the  area  of  distribution  of  the 
inferior  vena  cava;  as,  for  instance,  in  subjects  who  live  continuously 
sedentary  lives,  or  who  stand  a  great  part  of  the  time  without  active 
bodily  movements,  so  that  the  task  of  emptying  the  deep-seated  veins 
into  the  trunk  of  the  vena  cava  falls  almost  exclusively  upon  the  forces 
inherent  in  the  walls  of  the  veins — namely,  their  elasticity  and  contrac- 
tility,— these  forces  being  insufficient  to  drive  onward  the  column  of  blood 
which  distends  the  walls  of  the  vessel.  An  inadequate  aspiration  through 
the  respiratory  movements  makes  itself  felt  when  respiration  is  inter- 
fered with  by  inflammation  or  other  disease  processes  in  the  lungs  or  the 
pleura. 

A  further  cause  of  local  passive  hypersemia  consists  in  the  narrowing 
or  closing  of  particular  veins,  as  occurs  in  compression,  ligation,  the 
formation  of  thrombi  (§  40),  and  the  invasion  of  the  veins  by  neoplasms. 
The  pregnant  uterus,  for  example,  or  a  pelvic  tumor  may  compress  the 
veins  of  the  pelvis,  a  thrombus  may  choke  the  cerebral  sinuses  or  the 
femoral  or  the  portal  veins,  or  a  sarcoma  of  the  pelvis  mnj  grow  into 
the  great  pelvic  veins. 

Should  any  single  vein  become  occluded  by  any  of  the  above  proc- 
esses, or  be  ligated  during  operation,  the  effect  of  such  occlusion  is  often 
very  inconsiderable,  inasmuch  as  the  vein  in  question  may  have  free 
and  manifold  connection  with  other  veins,  so  that  no  considerable  ob- 
stacle is  created  to  the  progress  of  the  blood.  If,  on  the  other  hand, 
the  occluded  vein  has  no  auxiliaries,  or  if  these  are  insufficient  for  the 
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passage  of  the  blood— as,  for  instance,  is  the  case  with  the  main  divi- 
sions of  the  portal  vein,  with  the  sinuses  of  the  dura  mater,  with  the 
femoral  or  with  the  renal  veins— then  a  greater  or  less  degree  of  stasis 
occurs  in  the  area  of  distribution  of  the  vein  affected. 

The  effect  of  the  obstacle  to  the  circulation  shows  itself  first  m  the 
portion  of  the  vein  which  lies  between  the  obstruction  and  the  periph- 
ery, the  blood-current  in  this  part  becoming  slowed  or  entirely 
checked,  while  at  the  same  time,  through  continued  afflux  of  blood  from 
the  capillaries,  a  progressive  filling  and  stretching  of  the  vein  follows. 
If  through  the  compensatory  action  of  the  elastic  and  contractile  vessel- 
wall,  in  yielding  more  and  more  to  the  pressure,  the  obstruction  can  be 
overcome,  circulation  will  persist,  and,  through  such  channels  as" it  still 
finds  open  to  it,  the  blood  will  flow  on  to  the  heart ;  oftentimes  under 
these  circumstances  the  small  veins  which  have  to  perform  this  increased 
labor  become  gradually  much  dilated,  and  are  eventually  converted  into 
veins  of  large  size.  If  the  obstruction  cannot  be  overcome,  and  if  no 
communicating  vessels  callable  of  dilatation  are  at  hand,  the  circulation 
will  be  arrested,  and  a  condition  of  complete  stasis  (>J  43)  or  of  throm- 
bosis (§  40)  will  be  brought  about  in  the  area  of  distribution  of  the 
obstructed  vessel. 

If  the  arrest  of  the  blood-current  in  the  area  of  distribution  of  a 
vein  extends  to  the  capillaries,  so  that  these  become  distended  with 
blood,  this  will  impart  a  reddish-blue,  cyanotic  hue  to  the  surrounding 
tissues,  and  a  certain  amount  of  swelling  will  take  place  in  them. 

Both  active  hyper^emia  and  passive  hyperaemia,  observed  during  life, 
may  take  on  quite  a  different  appearance  after  death,  and  may  even,  in 
not  a  few  instances,  entirely  disappear.  This  is  especially  the  case  with 
active  hyperaemia  of  the  skin  and  sometimes  with  that  of  the  mucous 
membranes,  and  it  is  dependent  upon  the  fact  that  the  tissues,  put  upon 
the  stretch  by  the  dilatation  of  the  capillaries,  contract  down  upon  the 
latter  after  the  ceasing  of  the  circulation,  and  by  their  counter-pressure 
drive  the  contents  of  the  capillaries  on  into  the  veins.  Tissues  which 
may  have  been  reddened  during  life  may  accordingly  appear  pale  after 
death.  As  converse  to  this,  other  tissues  which  during  life  were  pale, 
or  at  least  showed  no  particular  redness,  may  take  on,  after  death,  a 
reddish-blue  color.  This  occurs  especially  upon  the  sides  and  back  of 
the  trunk  (unless  these  parts  happen  to  be  uj^permost)  and  upon  the 
back  of  the  neck  and  the  posterior  aspect  of  the  extremities  of  a  cadaver 
lying  face  upward,  and  is  to  be  explained  hj  the  fact  that  after  death 
the  blood  sinks  to  the  most  dependent  parts,  and  fills  not  only  the 
veins,  but  finally  also  the  capillaries.  The  phenomenon  is  known  as 
post-mortem  hypostasis,  and  the  spots  are  known  as  cadaveric  petechiae 
or  lividity  (livores).  They  begin  to  appear  at  about  the  third  hour  after 
death,  and  their  number  and  size  are  proportionate  to  the  amount  of 
blood  contained  in  the  skin  and  in  the  subcutaneous  tissues  at  the 
moment  of  death. 

In  the  internal  organs  post-mortem  hypostasis  is  particularly  appar- 
ent in  the  pia  mater,  whose  dependent  veins  are  generally  more  com- 
pletely filled  with  blood  than  those  lying  above  them.  In  the  lungs 
we  get,  through  the  settling  of  the  blood,  engorgement  not  only  of  the 
veins,  but  also  of  the  capillaries. 

Whenever  during  life,  on  account  of  cardiac  insufficiency,  the  general 
circulation  is  imperfect  and  partial  stagnation  of  the  blood  follows,  the 
blood  often  collects  in  a  similar  way  in  the  dependent  portions  of  the 
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body,  partl.y  because  it  is  not  driven  out  of  tliem,  and  partly  because 
it  sinks  into  these  parts  from  those  situated  on  a  higher  level.  This 
phenomenon,  likewise  designated  as  hypostasis,  is  particularly  observed 
in  the  lungs  (hypostatic  congestion) . 

For  observing  the  circulation  during  life,  and  its  behavior  under  changes  of  velocity 
and  pressure,  we  make  use  of  either  tlie  tongue  or  the  web  of  the  foot  of  a  curarized 
frogi  properly  spread  on  an  object-holder,  A  very  simple  expedient,  for  instance,  is  to 
draw  out  the  tongue  and  spread  it  over  a  cork  cemented  upon  the  object-holder,  and 
fasten  it  there  with  pins.  With  a  normal,  as  well  as  with  a  quickened  circulation  both 
the  pulsating  arterial  current  and  the  steady-flowing  venous  current  exhibit  a  marginal 
zone  of  blood-plasma.  If  by  ligation  of  the  efferent  veins  we  induce  a  partial  stagnation 
the  flow  becomes  slowed,  the  clear  marginal  zone  of  blood-plasma  disappears  from  the 
veins,  and  both  veins  and  capillaries  become  gi-eatly  distended  with  accumulated  red 
blood-corpuscles.  After  a  certain  time  the  tongue  begins  to  swell  through  infiltration 
with  transuded  fluid. 

According  to  the  investigations  of  Landerer,^  the  wall  of  a  capillary  vessel  em- 
bedded in  the  tissues  supports  only  from  one-third  to  one-half  the  blood-pressure.  The 
remainder  is  borne  by  the  surrounding  tissues,  which  afford  an  elastic  resistance  and  so 
maintain  the  tension  which  is  necessary  to  keep  the  blood  in  circulation.  Hence  in  ac- 
tive hypersemia  as  well  as  in  passive  hypersemia,  the  tension  of  the  tissues  and  the 
pressure  upon  them  are  increased  ;  in  ansemia  both  are  diminished. 

§  39.  Localized  anaemia  or  ischaemia  is  a  condition  wherein  certain 
tissues  contain  but  a  small  amount  of  blood;  it  is  always  the  result  of 
a  diminution  in  the  afflux  of  blood.  If  the  total  bulk  of  the  blood  is 
normal,  then  the  cause  of  the  ischaemia  is  purely  local;  if  there  is  an 
insufficient  quantity  of  blood  in  the  whole  vascular  system,  the  local 
insufficiency  may  partly  depend  upon  that. 

The  pathological  diminution  in  the  afflux  of  blood  to  an  organ  is 
sometimes  merely  the  result  of  an  unusual  increase  in  the  iwrmal  resist- 
ance of  the  arteries — that  is,  of  a  contraction  of  the  muscular  tunics.  In 
other  cases  ahiormcd  obstructions — such  as  compression  of  the  arteries, 
narrowing  of  the  arterial  lamen  through  pathological  changes  in  the 
vessel- wall,  deposits  on  the  internal  surface  of  the  vessels,  occlusion  of  the 
vessels  by  emboli  (cf.  §  17),  etc.^ — act  as  hindrances  to  the  blood-current. 

The  immediate  consequence  of  the  narroiving  of  an  artery  is  always 
slowing  and  diminution  of  the  stream  beyond  the  point  of  constriction. 
Complete  occlusion  of  an  artery  brings  the  circulation  beyond  the  ob- 
struction to  an  immediate  standstill.  If,  back  of  the  point  of  constric- 
tion or  occlusion,  the  artery  is  provided  with  connecting  branches  of 
relatively  considerable  size — so-called  collateral  arteries — the  disturbance 
of  the  circulation  is  abated  by  an  increased  flow  through  the  collateral 
vessels;  and  the  larger  and  the  more  distensible  these  are,  the  more 
complete  the  restoration  of  the  circulation.  If  the  constricted  or  oc- 
cluded artery  possesses  no  communicating  branch  in  its  area  of  distribu- 
tion—if it  is  a  so-called  terminal  artery — the  slowing  or  the  arrest  of  the 
circulation  beyond  the  point  of  obstruction  or  of  occlusion  cannot  be 
immediately  done  away  with,  and  the  area  supplied  by  this  vessel  be- 
comes presently  partly  or  completely  emptied  of  blood,  as,  through  the 
contraction  of  the  arteries,  and  through  the  pressure  of  the  tissues  upon 
the  capillaries  and  veins,  the  blood  is  more  or  less  completely  forced  out 
of  the  area  of  distribution  of  the  artery  in  question.  Frequently,  how- 
ever, after  a  time,  an  afflux  of  blood  comes  from  neighboring  capillaries. 

When  the  current  and  the  i)ressure  beyond  a  constricted  point  have 

1  Cohnheim,  Virch.  Arch.,  40.  Bd. 

2  "Die  Ge websspannung, "  Leipzig,  1884. 
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sunk  below  a  certain  minimum,  little  by  little  the  driving  force  becomes 
less  and  less  able  to  push  along  the  mass  of  the  blood.  The  red  cor- 
puscles, particularl}^,  cease  to  move,  and  collect  in  the  veins  and  capil- 
laries, and  as  a  consequence  the  area  supplied  hy  the  artery  in  question 
becomes  filled  ivith  blood  ouce  more;  only  not  with  circulating,  but  with 
stagnant  blood.  The  same  thing  occurs  ivhen,  a  terminal  artery  being 
completely  occluded,  the  blood  oozes  into  the  affected  area,  under  minimal 
pressure,  through  arteries  incapable  of  adequate  enlargement,  or  merely 
through  communicating  capillaries.  An  accumulation  of  blood  within 
the  ansemic  area  may  also  occur  by  reflux  from  the  veins.  This  occurs 
when  the  intravascular  pressure  within  this  area  has  sunk  to  nothing, 
whereas  in  the  veins  themselves  a  positive  pressure  exists.  Arrest  of 
the  circulation  in  the  veins  will  accordingly  favor  the  reflux  of  the  blood. 

A  further  cause  of  anaemia  in  an  organ  may  be  the  abnormal  conges- 
tion of  other  organs,  as  in  that  case  the  total  mass  of  the  blood  may  not 
suffice  to  supply  the  remaining  organs  adequately.  Anaemia  from  this 
cause  is  called  collateral  ancemia. 

All  anamic  tissues  are  characterized  by  pjallor.  They  are  at  the  same 
time  flabby,  not  turgescent,  and  the  color  proper  to  each  becomes  dis- 
tinctly appreciable. 

The  significance  of  a  condition  of  ischaemia  lies  esi)ecially  in  the 
fact  that,  on  account  of  the  need  of  the  tissues  for  a  continuous  supply 
of  oxygen  and  other  nutritive  elements,  the  continuance,  for  a  certain 
length  of  time,  of  the  condition  of  in^perfect  blood-sujjply  brings  about 
tissue-degeneration  (cf.  §  3).  Complete  arrest  of  the  blood-supply  leads 
in  a  short  time  to  death  of  the  tissue  involved.  If  blood  comes  to  flow 
anew  among  the  degenerated  and  dying  tissues  in  the  area  of  distribution 
of  an  obstructed  vessel,  and  stagnates  there,  extravasation  of  blood  into 
the  tissues  may  follow,  and  a  hemorrhagic  infarct  (cf.  §  48)  be  formed. 

The  rapidity  and  completeness  with  which  a  collateral  circulation  may  be  developed 
after  the  occlusion  of  an  artery  depend  upon  the  size  and  distensibility  of  those  vessels 
which  are  in  communication  with  the  area  which  has  become  ischtemic.  If  these  are 
numerous  and  distensible,  the  ischsemic  area  becomes  very  soon  irrigated  with  an  ap- 
proximately normal  volume  of  blood.  If  this  is  not  the  case  the  disturbance  of  the  cir- 
culation corrects  itself  more  slowly,  and  stasis  and  increased  pressure  are  found  to 
extend  farther  back  from  the  point  of  obstruction  toward  the  heart,  so  that  a  collateral 
hypersemia  occurs  likewise  in  vessels  situated  farther  back  on  the  course  of  the  blood, 
i.e.,  nearer  the  heart.  In  the  further  course  of  the  process  of  reestablishing  the  circula- 
tion, the  increase  in  the  volume  and  velocity  of  the  blood-current  remains  confined  to 
such  vessels  as  communicate  with  the  area  deprived  of  its  natural  blood-supply — that  is. 
confined  to  the  capillary  and  arterial  anastomoses  ;  and  here  this  increase  of  volume  and 
velocity  becomes  permanent.  This  leads  in  turn  to  a  permanent  distention  of  the  vessels 
of  the  part,  and  at  the  same  time  to  a  substantial  increase  in  the  vascular  walls,  not  only 
in  thickness,  but,  as  becomes  evident  from  the  crooking  and  twisting  of  the  vessels,  in 
length  also.  According  to  Nothnagel,  in  rabbits  the  phenomenon  of  the  increase  in 
thickness  of  the  walls  of  the  anastomotic  vessels  may  be  demonstrated  about  six  days 
after  the  ligation  of  an  artery  ;  and  after  the  ligation  in  continuity  of  vessels  of  some 
size,  the  small  arteries  which  carry  on  the  collateral  circulation  become  transformed, 
in  the  course  of  a  few  weeks,  into  quite  capacious,  thick-walled  arteries. 


III.  Coagulation,  Thrombosis,  and  Stasis. 

§  40.  Upon  the  death  of  the  individual,  the  blood  lying  in  the  heart 
and  in  the  great  vessels  generally  coagulates  in  part,  sooner  or  later,  and 
thence  arise  those  formations  known  as  post=mortem  clots.  If  the 
clotting  occurs  at  a  time  when  the  red  blood-corpuscles  are  still  evenly 
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distributed  in  the  blood,  and  the  whole  mass  of  the  blood  becomes  coag- 
ulated, the  clots  form  dark-red  massey — a  condition  in  which  the  blood 
is  termed  cruor.  If  before  coagulation,  through  the  settling  of  the  red 
corpuscles,  the  mass  divides  itself  into  a  substratum  rich  in  red  blood- 
corpuscles  and  an  upper  fluid  layer  containing  none  and  consisting  ex- 
clusively of  the  plasma, — then,  if  the  latter  coagulate,  there  will  be 
formed  soft  gelatinous  lumps  and  stringy  masses  light  yellow  in  color, 
elastic,  with  a  smooth  surface,  and  not  adherent  to  the  vessel-wall, 
which  are  designated  as  lardaceous  clots  or  3ls  fibrinous  deposits.  Through 
the  inclusion  of  red  blood-corpuscles  in  these  formations,  they  may  ex- 
hibit in  parts  a  red  or  reddish-black  color ;  when  a  large  proportion  of 
leucocytes  are  present,  the  color  at  such  spots  will  border  on  white. 

If  blood  is  drmvafrom  an  artery  or  a  vein  and  received  into  a  vessel, 
within  a  short  time  coagulation  will  occur,  as  a  result  of  the  adhesion  of 


Fig.  13.— Coagulated  blood  in  a  recent  hemorrliagic  infarct  of  the  lung.    (Miiller's  fluia ;  baematoxylin ; 

in.)  a.  Interalveolar  septa  without  nuclei,  containing  capillaries  filled  with  deep-violet  thrombi  of 
homogeneous  appearance;  5,  septa  showing  nuclei;  c,  vein  containing  a  red  thrombus;  d,  alveoli  dis- 
tended by  a  firm  blood-clot  ^  e,  alveoli  filled  with  serous  fluid,  fibrin,  and  leucocytes.    Magnified  100  diameters, 

this  fluid  to  the  sides  of  the  receptacle.  When  this  change  takes  place 
the  appearance  presented  by  the  coagulated  blood  will  be  that  of  a  soft 
coherent  mass.  If  freshly  drawn  blood  be  beaten  with  a  solid  body,  in 
a  short  time  ^irm^j  ßbrin  will  be  separated  from  the  surface  of  the 
blood.  If  loithin  the  body  blood  he  extravasated  in  considerable  quantity 
into  the  tissues — for  instance,  into  the  pericardium  &r  into  the  lungs — 
coagulation  may  occur  here  likewise,  and  among  the  red  blood-corpus- 
cles stringy  masses  are  formed  (Fig.  12,  d,  e),  whose  fibres  run  in  the 
most  varying  directions,  interlacing  with  one  another  continually,  and 
frequently  also  proceeding  radiallj^  from  a  central  point. 

The  coagulation  of  the  blood  is  a  process  difficult  of  chemical  inter- 
pretation, and  in  spite  of  numerous  investigations  we  have  not  succeeded 
in  explaining  this  enigmatical  phenomenon.  We  know,  however,  that 
for  its  occurrence  the  presence  of  a  fibrinogenic  substance,  of  a  ferment, 
and  of  certain  salts,  especially  calcium  salts,  is  indispensable,  and  that 
the  fibrinogenic  substance  is  an  albuminoid  body,  belonging  to  the  class 
of  the  globulins,  which  is  present  in  the  blood,  while  the  ferment  is 
probably  derived  from  the  white  (possibly  also  from  the  red)  corpus- 


114 


THROMBOSIS. 


Fig.  13.— Section  throug-U  a  red  thrombus  formed  in 
one  of  the  muscular  veins  of  the  thigh  after  occlusion  of 
the  femoral  vein.  (Miiller's  fluid ;  hitmatoxylin.)  a. 
Fibrin  threads ;  7),  leucocytes  and  granular  bodies. 
Magnified  250  diameters. 


cles  of  the  blood,  which  either  are  dissolved  in  the  blood- plasma 
(Schmidt),  or  jield  to  it  certain  constituents  of  their  mass  (Löwit). 
According  to  A.  Schmidt,  by  means  of  the  fibrin-ferment  a  very  bulky 

albuminoid  body  is  formed,  in 
a  way  still  obscure,  out  of  the 
globulins  x^i'Gexisting  in  the  al- 
kaline solution,  which  body  is 
X^recipitated  by  the  calcium  salts 
present  in  the  x^lasma;  and  in 
the  xJi'ocess  of  coagulation  we 
must  recognize  two  stages — to 
I  wit,  the  stage  of  the  production 
of  the  ferment  and  the  stage  of 
the  fermentative  action  or  coagu- 
lation proi^er.  According  to 
Pekelharing,  on  the  other  hand, 
the  fibrin-ferment  is  itself  a  cal- 
cium comj^iound  (calcium-nu- 
cleo-albumin)  which  has  the 
power  of  carrying  lime  over  to 
the  fibrinogen,  whereby  from 
the  soluble  fibrinogen  an  insol- 
uble albuminous  compound  is 
formed,  containing  calcium, 
which  body  is  fibrin.  Accord- 
ing to  Freund,  the  substance 
which  emanates  from  the  cells  and  which  excites  coagulation,  is  phos- 
phoric acid. 

If  coagulation  of  the  blood  within  the  heart  and  the  vessels  takes 
place  during  life,  or  if  a  solidifying  mass  separates  from  the  circulat- 
ing blood,  this  process  is  called  thrombosis  and  its  product  a  thrombus. 

If  coagulation  or  thrombo= 
sis  occurs  in  a  mass  of  blood 
deprived  of  motion,  there  is 
formed  a  dark=red  thrombus 
(Fig.  12,  c,  and  Fig.  13), 
which,  like  the  reddish-black 
post-mortem  clots,  or  like  the 
coagula  of  extravasated  blood 
(Fig.  12,  d),  contains  all  of 
the  red  blood-corpuscles ;  the 
precipitated  fibrin  forming 
granules  (Fig.  13,  h)  and 
fibres  (Fig.  13,  a) .  When  we 
find  a  clot  which  has  recently 
formed  in  some  small  blood- 
vessel, it  is  quite  often  possible 
to  demonstrate  after  death,  by 
the  employment  of  suitable 
methods,  the  presence  of  bun- 
dles and  star-shaped  clusters 

of  slender  fibrin  rods  (Fig.  14)  which  radiate  from  centimes  of  coagulation. 
In  such  cases,  however,  it  is  often  impossible  to  determine  with  cer- 
tainty to  what  extent  the  coagulation  took  x^lace  during  the  individual's 


Fig.  14.— Bundles  and  star-shaped  clusters  of  fibrin 
threads  or  rods  within  a  blood-vessel.  (Fibrin-stain.) 
Preparation  taken  from  an  inflamed  tracheal  mucous 
membrane.    Maaruifled  500  diameters. 
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lifetime,  and  to  what  extent  after  death  had  occurred.  In  the  majority 
of  instances  these  coagulations  are  encountered  in  the  midst  of  inflamed 
tissues,  and  we  are  therefore  warranted  in  drawing  the  conclusion  that  it 
is  the  alterations  in  the  blood  which  take  place  in  such  inflammatory 
foci  which  are  the  cause  of  the  phenomena  of  coagulation. 

Immediately  after  its  formation  the  red  thrombus  is  soft  and  rich  in 
the  fluids  of  the  blood ;  later,  it  becomes  tougher,  denser,  and  drier  as 
the  fibrin  contracts  and  presses  out  a  portion  of  the  fluid.  At  the  same 
time  it  becomes  paler,  brownish-red  or  rust-colored,  inasmuch  as  the 
blood-pigment  undergoes  changes  similar  to  those  which  take  place  in 
extravasated  blood. 

The  cause  of  the  coagulation  of  blood  inside  a  blood-vessel  is  to  be 
found  either  in  an  increased  production  of  fibrin-ferment  and  fibrino- 
genous  substances  (through  the  breaking  down  of  cells) ,  or  in  the  with- 
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Fig.  15.  —Section  of  a  white  thrombus  containing 
but  few  cells.  (Mliller's  fluid;  ha^inatoxylin.)  a, 
Granular  mass ;  Ik  granular  and  stringy  flbrin  in  reti- 
form  arrangement ;  c,  threads  of  flbrin  in  parallel 
arrangement.    Magnified  200  diameters. 


Fig.  16.— Section  of  a  mixed  thrombus  rich  in  cells. 
CMüUer's  fluid ;  haematoxylin.)  n.  Red  blood-cor- 
puscles ;  ?),  granular  mass ;  c,  retiform  disposition 
of  flbrin  with  numerous  leucocytes ;  d,  threads  of 
flbrin  in  parallel  arrangement.  Magnifled  200 
diameters. 


drawal  of  the  power— which  the  living  walls  of  a  blood-vessel  possess — 
to  prevent  coagulation  (Brücke).  It  is  probable  that  the  mere  fact  of 
the  firmer  adhesion  of  the  blood  to  the  wall  of  the  vessel  at  a  spot  where 
it  is  somewhat  degenerated  is  sufiicient  to  induce  coagulation.  This 
occurs,  consequently,  in  vessels  which  have  been  ligated,  when  the  endo- 
thelium is  destroyed  at  the  point  of  ligation.  It  takes  place,  further- 
more, when,  through  the  breaking  up  of  large  numbers  of  white  blood- 
corpuscles,  fibrin-ferment  is  set  free  in  large  quantity  in  the  blood-vessels 
— a  condition  which  may  be  experimentally  fulfilled  by  the  injection  of 
hlood  lühose  serum  is  stained  lake-red  through  the  partial  breaking  up  of 
the  blood-cells  (lackfaroenes  Bint). 

The  fibrinous  deposits  from  blood  in  circulation,  which  not  infre- 
quently are  formed  on  the  internal  surface  of  the  heart  or  vessel-walls, 
are  composed  of  masses  either  white,  or  of  various  shades  of  red,  or 
with  alternating  red  and  white  layers,  and  we  may  distinguish,  accord- 
ingly, between  white,  mixed,  and  laminated  thrombi.  With  the  mi- 
croscope we  may  discern  that  these  thrombi  are  composed  (Figs.  15 
and  16)  of  granular  and  fibrous  masses  and  of  colorless  and  red  corx)us- 
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cles,  which  in  varying  proportions  and  arrangement  make  up  their 
structure.  The  colorless  thrombi  may  consist  almost  exclusively  of 
granular  masses  (Fig.  15,  a)  and  of  fibro-granular  fibrin,  the  latter  dis- 
playing at  one  point  {h)  a  retiform  arrangement  of  its  fibres,  while  at 
another  point  (c)  they  run  more  nearly  in  a  x)fti'allel  direction,  both 
granular  masses  and  fibrin-fibres  enclosing  only  a  scanty  sprinkling  of 
leucocytes.  Other  white  thrombi  contain  more  cells.  In  the  mixed 
thrombi  (Fig.  16),  granular  masses  (b),  more  rarely  hyaline  masses, 
stringy  fibrin  (c),  and  red  blood-corpuscles  {a),  in  varying  proportions 
and  in  diverse  situations,  compose  the  coagulated  mass,  and  all  of  these 
component  parts  include  more  or  less  numerous — frequently  very  nu- 
merous—leucocytes (Fig.  16). 

The  fibro-granular  masses  which  enter  into  the  structure  of  the 
thrombi  consist  of  fibrin  which  has  been  formed,  just  as  takes  place 
outside  the  vessels,  by  the  action  of  a  ferment.  The  granular  and  the 
hyaline  masses,  on  the  other  hand,  are  at  the  present  time  regarded  as 
structures  formed  from  blood=pIates  which  have  become  agglutinated 
together,  although  granular  and  hyaline  masses  may  also  be  formed 
from  leucocytes  entangled  in  the  meshes  of  the  fibrin.  The  granular 
masses  in  the  thrombi  exhibit  occasionally  an  arrangement  similar  to 
that  of  coral. 

The  formation  of  thrombi  in  circulating  blood  may  be  observed  dis- 
tinctly under  the  microscope,  in  suitable  subjects,  both  in  warm-blooded 
and  in  cold-blooded  animals ;  and  in  this  liue  it  is  more  particularly  the 
observations  of  Bizzozero,  Eberth,  Schimmelbusch,  and  Lowit  which 
have  led  to  very  weighty  conclusions. 

When  the  blood  flows  through  a  vessel  with  its  normal  velocity,  you 
may  see  under  the  microscope  a  broad,  homogeneous,  red  stream  in  the 
axis  of  the  blood-vessel  (Fig.  17,  a),  while  at  the  sides  lies  a  clear  zone 
of  blood-plasma  free  from  red  blood-corpuscles.  This  may  be  observed 
as  well  in  the  arteries  as  in  the  veins  and  in  the  larger  capillaries,  but 
is  best  seen  in  the  veins;  in  the  smaller  capillaries,  just  large  enough 
to  permit  the  jDassage  of  the  blood-corpuscles,  this  differentiation  into 
an  axial  and  a  peripheral  stream  does  not  hold. 

In  the  axial  stream  the  different  constituents  of  the  blood  are  not  rec- 
ognizable; in  the  peripheral  stream,  however,  isolated  white  blood-cor- 
puscles appear  from  time  to  time  (Fig.  17,  d),  and  these  may  be  seen 
to  roll  slowly  on  along  the  vessel-wall. 

If  the  blood-current  becomes  retarded  to  about  the  degree  which  al- 
lows the  observer  to  make  out  indistinctly  the  blood-corpuscles  of  the 
axial  stream  (Fig.  18,  a),  the  number  of  white  blood-corpuscles  floating 
slowly  along  in  the  peripheral  zone,  and  adhering  also  at  times  to  the 
vessel-wall,  becomes  increased  (Fig.  18,  d),  and  they  finally  come  to 
occupy  this  zone  in  considerable  numbers. 

If  the  current  is  still  further  retarded  so  that  the  red  blood-corpus- 
cles become  clearly  recognizable  (Fig.  19,  a),  then,  in  the  peripheral 
zone,  alongside  of  the  wählte  blood-corpuscles  appear  blood-plates  {d), 
which  increase  mora  and  more  in  number  with  the  progressive  retarda- 
tipn_  of  the  flow,  while  the  number  of  the  leucocytes  becomes  again 
diminished.  When  total  arrest  of  the  blood-current  finally  occurs,  a 
distinct  separation  of  the  corpuscular  elements  in  the  lumen  of  the  ves- 
sel follows. 

When,  in  a  vessel  in  which  the  circulation  is  retarded,  the  intima  is 
injured  at  a  certain  point  by  compression  or  by  crushing,  or  by  chemi- 
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cal  agents  sucli  as  corrosive  sublimate,  nitrate  of  silver,  or  strong  salt- 
solutions,  and  yet  the  lesion  of  the  vessel-wall  does  not  cause  a  com- 
plete arrest  of  the  blood-current,  we  may  observe  hlood-plates  adhering 
to  the  vessel-ivall  at  the  injured  point,  and  before  long  they  cover  the  site 
of  the  injury  in  several  laj^ers  (Fig.  19,  d,).  Frequently  more  or  less 
numerous  leucocytes,  or  colorless  blood-corpuscles,  become  lodged  in  this 
mass,  and  their  number  is  proportionate  to  their  abundance  in  the  per- 
ipheral zone.  Under  some  circumstances,  indeed,  the  number  of  the 
leucocytes  may  be  very  considerable,  aod  the^'  may  largely  cover  over 
the  accumulation  of  blood-plates.  In  case  of  great  irregularity  of  the 
circulation,  or  of  extensive 
lesion  of  the  vascular  wall, 
red  blood-corpuscles  also  may 
separate  from  the  circula- 
tion, and  become  adherent 
to  the  intima,  or  to  the  color- 
less layers  previously  de- 
posited upon  it.  Not 
infrequently  portions  of  the 
segregated  mass  are  swept 
away,  in  which  case  a  new 
deposit  of  blood-plates  is 
formed.  Through  a  long- 
continued  deposition  of  the 
elements  of  the  blood  the 
vessel  may  finally  become 
completely  closed. 

When  at  any  point 
blood-plates  have  become 
adherent  in  considerable 
numbers,  thej^  become,  after 
a  time,  coarsely  granular  at 
the  centre,  and  finely  granu- 
lar or  homogeneous  at  the 
periphery,  and  become 
fused  together  into  one  com- 
pact mass.  The  final  result 
of  the  process  is  the  forma- 
tion of  a  colorless  blood- 
plate  thrombus,  within  which 

more  or  less  numerous  lohite  blood-corpuscles  may  be  imprisoned.  Eberth 
designates  the  sticking  together  of  the  blood-plates  by  the  term  congluti- 
nation; their  final  fusion  into  a  coherent  thrombus  he  calls  viscous 
metamorphosis. 

If  we  compare  the  observations  of  Bizzozero,  Eberth,  and  Schimmel- 
busch, as  well  as  the  recent  observations  of  Löwit,  on  warm-blooded  ani- 
mals, with  the  histological  findings  in  thrombi  from  the  human  subject, 
we  are  warranted  in  drawing  the  conclusion  that  the  formation  of 
thrombi  in  the  circulating  blood  of  man  proceeds  in  a  way  similar  to 
that  observed  in  the  lower  animals,  and  we  judge  that  their  formation 
is  directly  dependent  upon  two  causes :  to  wit,  upon  a  retardation  of 
the  blood=current  or  other  disturbance  of  the  circulation — such  as  the 
formation  of  eddies,  ivhich  direct  the  blood-plates  against  the  vascidar  ivall 
— and  upon  local  changes  in  the  wall  of  the  vessel.  Probably,  too, 
8 


FIG.  19. 

Fig.  17.— Quickly  flowing  blood-stream,  a.  Axial  stream ; 
7j,  peripheral  stream  \\-itli  isolated  leucocytes,  d.  (After  Eberth 
and  Scliimmelbusch.) 

Fig.  18. —  Somewhat  retarded  blood-stream,  a,  Axial 
stream ;  h,  peripheral  zone  with  numerous  leucocytes,  d.  (Af- 
ter Eberth  and  Schimmelbusch.) 

Fig.  19.— Greatly  retarded  blood-stream,  a.  Axial  stream; 
7),  peripheral  zone  with  blood-plates ;  c,  a  considerable  collec- 
tion of  blood-plates;  rt,  c?i,  white  blood-corpuscles.  (After 
Eberth  and  Schimmelbusch.) 
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thrombosis  is  favored  by  pathological  changes  in  the  blood.  From 
the  variety  of  conditions  under  which  thrombosis  occurs  in  man  we 
must  assume,  either  that  now  one  and  again  another  of  these  causes 
plays  the  principal  i3art  in  the  formation  of  the  thrombi,  or  that  all 
three  may  concur  in  the  i)rocess;  and,  on  the  other  hand,  that  one  of 
the  factors,  acting  alone,  is  not  under  ordinary  circumstances  competent 
to  cause  thrombosis. 

If  a  blood-plate  thrombus  or  a  conglutinate  thrombus  has  formed  at 
any  point,  coagidationinaij  subsequently  take  place  there,  yielding  threads 
of  fibrin  which  imprison,  in  greater  or  less  number — frequently  in  verj- 
great  number — the  cellular  elements  of  the  blood.  Coiujlatination  and 
coagulation  may  accordingly  occur  together ;  and  the  frequency  with  which 
this  comes  to  j)ass,  to  judge  from  the  composition  of  thrombi  in  man 
(Figs.  15  and  16),  seems  to  denote  that  fibrin-ferment  is  set  free  in  the 
formation  of  the  blood-plate  thrombus,  and  that  hence,  in  the  neighbor- 
hood of  the  conglutinated  blood-plates,  a  process  of  coagulation  occurs 
in  the  circumjacent  peripheral  zone  of  the  blood-stream.  If  white 
blood-corpuscles  alone  are  floating  in  the  latter,  the  coagulating  mass 
remains  colorless  (Fig.  15)  and  includes  a  greater  or  less  number  of 
leucocytes;  while  if  red  blood-corpuscles  are  circulating  in  the  periph- 
eral zone,  or  if  the  influence  of  the  ferment  extends  as  far  as  the  axial 
stream,  mixed  thrombi  will  be  formed  (Fig.  16). 

According  to  Eberth  and  Schimmelbusch,  fibrin  enters  into  the  struc- 
ture of  artificially  produced  thrombi  in  those  cases  in  which  thrombosis 
has  been  provoked  by  the  action  of  strong  silver-solutions  or  by  the  in- 
troduction of  foreign  bodies. 

Köhler  and  von  During  are  of  the  opinion  that  if,  as  somewhat  often 
happens,  extensive  thromboses  form  in  individuals  who  are  in  a  condi- 
tion of  marasmus,  or  in  such  as  have  been  subjected  to  some  trauma- 
tism, this  pathological  event  must  probably  be  dependent  in  some  man- 
ner upon  the  toxic  action  of  a  ferment,  and  that  local  disturbances  of  the 
circulation  merely  determine  the  point  of  the  coagulation.  Yaquez  is 
of  the  opinion  that  infection  plays  an  important  part  in  the  formation  of 
thrombi  in  cachectic  subjects. 

According  to  Naunyii,  Franken,  Köhler,  Plosz,  Gyorgj'ai,  Hanau,  and  others,  by 
the  introduction  of  lake-red  blood  {lackfarbenes  Blut),  of  solutions  of  haemoglobin,  of 
the  salts  of  gallic  acid,  of  ether,  and  of  other  substances  into  the  circulation,  more  or 
less  extensive  coagulation  may  be  produced  ;  nevertheless  the  results  of  the  experiments 
are  not  constant  (Schiffer,  Högyes,  Landois,  Eberth),  and  coagulation  may  not  occur. 
The  probability  of  effecting  coagulation  is  proportionate  to  tlie  degree  of  distui'bance 
produced  in  the  blood  by  the  substance  injected. 

According  to  Arthus  and  Pag^s,  blood,  as  it  flows  from  a  blood-vessel,  becomes  in- 
capable of  spontaneous  coagulation  when  sodium  oxalate,  or  sodium  fluoride,  or  soaps 
are  added  to  it  in  such  quantities  that  the  mixture  comes  to  contain  from  0.07  to  0.1  per 
cent  of  the  oxalate,  or  about  0.2  per  cent  of  the  fluoride,  or  0.5  per  cent  of  soap. 
These  salts  all  operate  by  precipitating  the  calcium  salts.  If  to  blood,  kept  fluid  by 
treatment  with  sodium  oxalate,  one-tenth  of  its  volume  of  a  one-per-cent  solution  of  cal- 
cium chloride  is  added,  coagulation  takes  place  in  from  six  to  eight  minutes,  and  the 
calcium  salts  enter  into  the  constitution  of  the  fibrin-molecule.  The  fibrin-ferment  can 
act  upon  the  fibrinogen  only  in  the  presence  of  calcium  salts.  Under  the  influence  of 
the  fibrin-ferment,  and  in  the  presence  of  calcium-  salts,  tlie  fibrinogen  undergoes  a 
chemical  metamorphosis  which  results  in  the  formation  of  a  calcium-albumin  compound 
— fibrin.  For  the  occurrence  of  coagulation  it  is  not  necessary  to  invoke  the  aid  of  any 
peculiar  fibrinoplastic,  globulinoid  substance,  but  there  is  need  merely  of  the  presence 
of  calcium  salts.  The  ferment  which  induces  the  coagulation  is  formed  by  the  disin- 
tegration of  cellular  elements. 

According  to  Freund,  if  blood  is  allowed  to  flow,  beneath  a  layer  of  oil,  into  a 
vessel  whose  walls  are  coated  witli  a  film  of  vaseline,  it  will  not  coagulate ;  and  from 
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this  it  is  fair  to  conclude  tliat  the  cause  of  the  coagulation  is  to  he  sought  for  in  the  ad- 
hesion of  the  blood  to  a  foreign  body. 

Bizzozero,  in  the  year  1882,  described  as  a  new  component  of  the  blood  certain 
minute,  flat,  homogeneous  structures  which  he  designated  as  blood-plates  and  regarded 
as  identical  with  the  hamatoblasts  described  by  Hayem.  Relying  upon  profound  ex- 
perimental research,  he  concluded  that  it  was  these  which,  in  breaking  up,  induced 
coagulation,  while  he  declined  to  attribute  this  property  to  the  white  blood-corpuscles. 
Rauschenbach,  Heyl,  Weigert,  Löwit,  Eberth,  Schimmelbusch,  Hlava,  Groth,  and  others 
have  taken  a  stand  against  this  doctrine  of  Bizzozero,  as  part  of  them  deny  any  connec- 
tion between  the  blood-plates  and  the  coagulation  of  the  blood,  and  part  of  them  (Weigert, 
Hlava,  Halla,  and  Löwit)  do  not  regard  the  blood-plates  as  constant  morphological 
elements  of  the  blood,  but  rather  as  the  debris  of  disintegTated  white  blood-corpuscles, 
or  as  the  product  of  a  precipitation  of  globulin  (Löwit).  From  their  contributions  we 
may  also  gather  that  the  destruction  of  white  blood-corpuscles  in  a  fluid  containing 
fibrinogen  may  be  followed  by  coagulation,  thus  showing  that  the  blood-plates  are  not 
the  only  producers  of  fibrin.  According  to  Groth,  for  example,  the  injection  of  large 
numbers  of  leucocytes  into  the  circulation  produces  thrombosis.  According  to  Rauschen- 
bach, the  dissolution  of  leucocytes  is  constantly  occurring  in  the  blood  ;  but  by  an  in- 
hibitory action  of  the  organism  the  supervention  of  coagulation  is  prevented,  and  the 
fibrin-ferment  rendered  inefiicient. 

Zahn,  who  in  the  year  1875  first  undertook  a  strict  differentiation  of  the  red  from 
the  white  and  the  mixed  thrombi,  held  the  view  that  the  colorless  substance  of  the  white 
and  of  the  mixed  thrombi  is  a  formation  which  is  derived  from  the  colorless  blood- 
corpuscles  which  become  separated  from  the  blood-stream,  then  become  adherent  to  rough 
points  on  the  vessel-wall,  and  finally  become  fused  together  into  a  homogeneous  or  a 
granular  mass.  Up  to  a  few  years  ago  most  authors  coincided  with  this  view,  although 
since  the  investigations  of  Bizzozero,  Lubnitzky,  Eberth,  Schimmelbusch,  and  Löwit 
there  can  be  no  doubt  of  the  existence  of  the  blood-plate  thrombus  also,  into  whose  com- 
position the  white  blood-corpuscles  enter  as  but  unimportant  factors.  It  is  equally  well 
established  that  the  thready  fibrin  observed  in  a  thrombosis  often  contains  very  few 
leucocytes  (Eig.  14). 

According  to  Löwit,  the  blood-plates  are  not  a  constituent  of  normal  blood,  but 
rather  make  their  appearance  under  definite  conditions,  and  are  nothing  more  than 
globulin  precipitated  in  the  form  of  plates.  Eor  their  appearance  very  slight  alterations 
in  the  circulation  or  in  the  composition  of  the  blood  suffice,  and  it  is  therefore  difficult 
to  make  observations  upon  blood  in  circulation  without  causing  them  to  appear  ;  it  is 
nevertheless  possible,  with  proper  precautions  in  investigating,  to  prove  that  the  blood 
circulating  through  the  mesentery  of  the  mouse  contains  no  morphological  elements  be- 
yond the  red  and  the  white  blood-corpuscles.  Alterations  of  the  vessel-wall  and  retarda- 
tion of  the  blood-current  lead  to  the  separation  of  blood-plates  and  their  adhesion  to  the 
walls  of  the  vessel ;  and  the  blood-plates  so  separated  then  quickly  undergo  metamor- 
phosis into  a  substance  closely  resembling  ordinary  fibrin,  become  comparatively  in- 
soluble, swell  up,  and  take  on  a  partly  granular  appearance.  The  fibrin  derived  from 
the  blood-plates  is  very  like  ordinary  fibrin  in  its  capacity  for  taking  dyes,  and  the 
formation  of  a  blood-plate  thrombus  is  also,  indeed,  a  kind  of  coagulation.  In  cold- 
blooded animals  no  blood-plates  appear  under  the  conditions  which  would  cause  them  to 
be  formed  in  warm-blooded  animals,  but  globulin  is  precipitated  in  a  granular  condi- 
tion. Certain  minute  fusiform  elements  contained  in  the  blood  of  birds  and  of  cold- 
blooded animals,  which  Bizzozero,  Eberth,  and  Schimmelbusch  hold  to  be  the  equivalents 
of  the  blood-plates,  are  none  other  than  young,  colorless  cells  which  develop,  part  into 
leucocytes  and  part  into  red  blood-corpuscles.  They  accordingly  are  provided  with  a 
nucleus  and  may  assume  a  spherical  form,  whereas  the  blood-plates  are  without  a  nucleus 
and  are  subject  only  to  passive  changes  of  form.  Alterations  of  the  vascular  walls  and 
retardation  of  the  blood-current  in  cold-blooded  animals  lead  to  the  formation  of 
thrombi  consisting  essentially  of  leucocytes  and  capable  of  transformation  into  granular 
masses.  At  the  beginning  of  cell-deposition  we  find  the  spindle-shaped  leucocytes  de- 
posited with  especial  frequency. 

I  am  unable  to  assent  to  the  opinion  expressed  by  Löwit  in  regard  to  the  mode  of 
origin  of  the  blood-plates  ;  I  am  much  more  disposed  to  believe  that  the  bIood=plates 
area  product  of  the  red  bIood=corpuscles,  and  either  are  thrown  off  from  the  bodies 
of  degenerating  red  blood-corpuscles,  or  are  formed  on  the  disintegration  of  the  same.  , 
I  base  my  opinion  upon  the  investigations  which  Wlassow,  at  my  suggestion,  carried 
out  in  1893  in  my  laboratory.  He  studied  both  the  early  stages  of  thrombus-formation 
and  also  the  behavior  of  the  blood-corpuscles  when  treated  with  various  fluids,  and  his 
observations  indicate,  on  the  one  hand,  that  at  the  beginning  of  a  thrombosis,  in  cir- 
culating blood,  red  blood-corpuscles  do  become  adherent  to  the  vessel-wall  and  may  sub- 
sequently become  changed  and  transformed  into  a  granular  mass ;  and,  on  the  other 
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hand,  that  a  portion  of  the  red  blood-corpuscles — presumably  those  which  are  the  oldest 
and  are  approaching  their  decadence — are  extremely  unstable  cells,  out  of  which  are 
readily  formed  structures  with  properties  corresponding  to  those  of  the  blood-plates. 
As  to  whether  such  structures  are  developed  under  normal  conditions,  or  whether,  in  the 
normal  breaking  down  of  the  red  blood-corpuscles,  the  colorless  components  of  their 
structure  enter  immediately  into  solution,  cannot  be  decided  ;  this  .much  only  can  be 
demonstrated:  that  the  most  diverse  influences  caused  a  plasmoschisis  (a  splitting  up  of 
the  blood-plasma),  accompanied  by  a  formation  of  the  so-called  blood-plates.  Arnold 
has  quite  recently  published  reports  upon  the  products  that  result  from  the  transforma- 
tion of  red  blood-corpuscles  (partly  by  a  process  of  constriction,  and  partly  by  what 
might  be  termed  excretion),  and  these  confirm  the  observations  made  by  Wlassow  and 
myself. 

A.  Schmidt,  in  his  work  on  the  blood,  published  in  1802.  wherein  he  collects  the  re- 
sults of  many  years  of  study  on  coagulation,  regards  the  fibrin-ferment  or  thrombin  as  a 
derivative  of  the  life  of  the  cells,  which  is  developed  from  an  inactive  earlier  state.  2^ro- 
thrombin,  under  the  influence  of  certain  zymoplastic  substances.  In  the  same  way  he  re- 
gards the  fibrinogenous  substance,  or  metaglobuiin,  as  a  product  of  the  disintegi'ation  of 
cellular  protoplasm.  According  to  this  view  the  generators  of  coagulation,  as  well  as 
those  of  thrombosis,  must  all  be  regarded  as  celhilar  derivatives,  and  it  would  then  be 
particularly  the  red  blood-corpuscles  vjhichwould  be  the  source  of  the  materials  of  coagulation. 
According  to  Corin.  coagulation  occurs  in  the  blood  after  death,  only  when  the  blood  already 
contained  ferment  during  life;  and  the  extent  of  the  coagulation  is  directly  proportional 
to  the  amount  of  ferment  present  at  the  time  of  death.  A  further  production  of  ferment 
does  not  occm-  after  death  ;  on  the  contrary,  the  vessel-walls  probably  constitute  a  body 
inhibiting  coagulation.  Between  the  blood  of  those  who  have  died  suddenly  (cases  of 
strangulation)  and  that  of  those  who  have  died  more  slowly,  the  difference  is  only  rela- 
tive, depending  upon  the  amount  of  ferment  present.  No  value  can  therefore  be  ascribed 
to  the  fluidity  of  the  blood  in  the  diagnosis  of  the  mode  of  death. 

§  41.  Thrombosis  occurs  most  frequently  in  cases  of  degeneration 
and  inflammation  of  the  iutima  of  the  heart  and  of  the  vessels,  as  well 
as  under  certain  circumstances  which,  like  compression,  stricture,  or 
dilatation  of  the  vessels,  fatty  infiltration  and  fatty  degeneration  of  the 
heart,  stenosis  and  insufficiency  of  the  valvular  orifices,  etc.,  cause  a 
retardation  or  an  arrest  of  the  circulation.  If  thrombi  occur  in  cachectic 
individuals,  they  are  called  marasmic  thrombi  (thrombi  marantici). 
When  perforating  wounds  of  vessels  are  not  too  large,  they  become 
closed  by  blood-plates  and  white  blood-corpuscles  which  adhere  to  the 
edges  of  the  opening  and  are  also  deposited  all  about  it,  so  that  in  the 
wound  there  is  formed  a  white  thrombus  projecting  into  the  lumen  of 
the  vessel. 

Different  varieties  of  thrombi  are  distinguished  according  to  their 
relations  to  the  vessel  containing  them.  Thus  a  parietal  thrombus  is 
one  attached  to  the  wall  of  the  heart  (Fig.  20,  c)  or  of  a  vessel;  a  val= 
vular  thrombus,  one  which  is  situated  upon  a  valve  of  the  heart  or  of 
a  vein  (Fig.  21,  d).  Either  kind  may  consist  only  of  delicate,  trans- 
jjarent,  almost  membranous,  hyaline  deposits;  and  then,  again,  they 
are  often  thicker  and  tougher,  and  project  into  the  lumen  of  the  heart 
or  blood-vessel  respectively.  Their  surface,  in  the  latter  case,  often 
shows  rib-like  ridges  of  paler  appearance  than  the  other  parts.  If  the 
lumen  of  a  vessel  becomes  closed  by  a  thrombus,  the  latter  is  spoken  of 
as  an  obturating  thrombus  (Fig.  20,  a,  b).  The  coagula  first  formed 
are  designated  as  primary  or  autochthonous ;  those  subsequently  de- 
'  posited  upon  these,  as  induced  thrombi.  Through  growth  by  accre- 
tion a  parietal  thrombus  may  become  obturating.  In  such  a  case  it  not 
infrequently  happens  that  a  red  thrombus  is  superadded  to  one  origi- 
nally white  or  mixed  in  color  (Fig.  21,  c),  inasmuch  as  the  thrombosis 
began  in  circulating  blood,  while  later,  after  the  closing  off  of  the  ves- 
sel, the  blood  became  stagnant  and  the  whole  mass  then  coagulated» 
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The  converse  occurs  when  a  red  thrombus,  obturating  a  vessel,  contracts 
down  to  a  smaller  volume,  and  thus  leaves  a  channel  once  more  for  the 
passage  of  the  blood. 

Thrombi  may  occur  in  all  parts  of  the  vascular  system.  In  the  heart 
it  is  particularly  in  the  auricular  appendages  and  in  the  recesses  be- 
tween the  trabeculse  carnese,  as  well  as  on  any  diseased  spot  of  the  heart- 
wall  (Fig.  20,  b),  that  they  establish  themselves.  Their  formation  starts 
in  the  deep  intertrabecular  recesses ;  but  through  continual  accretions 
more  considerable  coagulation-masses  are  formed,  which  project  in  the 


Fig.  20.— Thrombus-formation  in  the  heart  as  a  result  of  inflammatory  degeneration  and  aneurismal 
dilatation  of  the  heart-wall,  a.  Inüamoaatory  thickening  of  the  endocardium  •  h,  inflammatory  degeneration 
of  the  myocardium ;  c,  thrombus.    (Two-thirds  natural  size. ) 


form  of  polypi  above  the  general  surface  (Fig.  20),  and  therefore  are 
known  as  heart=polypi.  They  are  sometimes  more  or  less  spherical  in 
shape,  with  a  broad  base,  and  again  they  are  more  pear-shaped ;  their 
surface  is  often  ribbed.  As  a  rare  occurrence,  large  globular  or  pear- 
shaped  thrombi  may  become  loosened,  and  then,  in  case  they  cannot 
pass  the  ostium,  they  lie  free  in  the  corresponding  chamber  of  the 
heart.  Free  globular  thrombi  are  sometimes  seen  in  the  auricles  in 
cases  of  stenosis  of  the  auriculo- ventricular  orifices,  although  the}^  are 
very  rare.  Yery  probably  they  become  increased  in  size  by  the  deposi- 
tion of  fresh  layers  of  fibrin  after  they  have  been  set  loose.  If  coagu- 
lated masses  attach  themselves  to  an  inflamed  valve,  they  are  designated 
as  valvular  polypi.  Parietal  and  valvular  polypi  may  be(^me  very 
bulky  and  may  fill  up  a  large  part  of  one  of  the  heart-chambers. 
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In  the  arterial  trunks  thrombi  are  found  in  a  great  variety'  of 
places,  and  are  particularly  apt  to  occur  behind  constrictions  and  in 
dilatations.  Occasionally,  in  cachectic  individuals  with  a  much-degen- 
erated intima,  parietal  thrombi,  white  or  of  a  mixed  color,  and  super- 
ficially adherent,  are  formed  in  the  aorta. 

In  the  veins  thrombi  occasionally  are  formed  in  the  pockets  of  the 
valves  (Fig.  21,  d),  from  which  they   gradually   protrude  and  develop 

into  obturating  thrombi.  Frequently 
a  thrombus  grows  out  from  a  lesser 
vein  in  which  it  was  formed  into  the 
lumen  of  a  larger  vein.  So,  for  in- 
stance, a  thrombus  having  its  origin 
in  one  of  the  lesser  veins  of  the  lower 
extremity  may  grow  up  through  the 
vena  cava  inferior  until  it  reaches  the 
heart.  Si)ecially  imi)ortant,  by  rea- 
son of  the  local  disturbances  to  which 
they  give  rise,  are  the  obturating 
thrombi  of  the  femoral  veins,  the 
renal  veins,  the  sinuses  of  the  dura 
mater,  the  large  vena3  cavse,  and  the 
portal  veins. 

Thrombi  of  the  smallest  vessels 
arise  most  frequently  in  consequence 
of  disease  of  the  surrounding  tissues, 
and  especially  after  infections  and 
toxic  inflammations  and  necrotic 
processes,  and  they  have,  for  the  most 
part,  a  hyaline  composition.  They 
are  composed  in  large  measure  of  the 
colorless  elements  of  the  red  blood- 
corpuscles,  which  elements  become 
fused  into  a  homogeneous  mass ;  and 
yet  by  a  proper  technique  (Weigert's 
fibrin  stain)  it  may  sometimes  be 
demonstrated  that  they  also  contain 
stringy  fibrin.  They  are  found, 
furthermore,  after  superficial  burns 
(Klebs,  Welti,  Silbermann)  and  after 
poisoning— for  instance,  poisoning 
with  corrosive  sublimate  (Kaufmann) 
— especially  in  the  lungs.  They  fre- 
quently^ exist  in  hemorrhagic  infarcts 
(Fig.  12,  c).  Thrombi,  too,  originating  in  the  capillaries,  may  develop 
into  the  efferent  veins,  partly  for  the  reason  that  through  the  obturation 
of  a  great  number  of  capillaries  the  blood  flows  more  slowly  in  the 
veins,  and  partly  also  for  the  reason  that  disintegrating  blood-corpus- 
cles and  blood-plates  find  their  way  to  the  veins  in  great  numbers. 

The  first  deposits  in  the  formation  of  a  parietal  thrombus  are  deli- 
cate, transparent,  or  whitish  layers.  The  fully  formed  thrombus  is  a 
compact,  dry  mass,  firmly  attached  to  the  inner  surface  of  a  vessel  or 
of  the  heart,  with  the  different  qualities  of  color  and  structure  described 
above.  TJlarombi,  originally  soft  and  succulent,  undergo  in  time  a  proc- 
ess of  contraction,  and  thereby  become  firmer  and  more  dry.     In  this 


Fig.  21.— Thrombosis  of  the  femoral  and  of 
the  saphenous  vein,  a,  b.  An  obturating  throm- 
bus, of  mixed  coloring  and  laminated :  c,  red 
thrombus  with  peripheral  attachment ;  d,  throm- 
bus protruding  from  a  valve.  (Reduced  one- 
fourth.) 
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way,  in  case  of  obturating  thrombi,  an  obliterated  channel  may  become 
open  once  more  for  the  passage  of  the  blood. 

With  long-continued  contraction,  the  fibrin,  the  blood-plates,  and 
the  blood-corpuscles  may  become  converted  into  a  tough  mass,  which 
long  remains  in  this  condition,  grows  fast  to  the  vessel-wall,  and  even- 
tually becomes  calcified.  This  occurs  both  in  valvular  thrombi  of  the 
heart  and  in  thrombi  located  in  the  vessels.  The  chalky  concretions  in 
the  veins,  known  as  phleboliths,  are  formed  in  this  way.  Similar  forma- 
tions in  the  arteries,  which  occur,  however,  less 
frequently,  may  be  called  arterioliths. 

Shrinking  and  calcification  constitute  a  com- 
paratively favorable  issue  of  thrombosis.  Far 
less  favorable  are  the  various  kinds  of  disin- 
tegration which  frequently  follow  and  are  known 
as  simple  and  as  puriform  or  septic  yellow  soft- 
ening. In  the  simple  softening  the  central 
portion  of  the  thrombus  becomes  converted  into 
a  grayish-red,  gray,  or  grayish-white  grumous 
mass,  consisting  of  broken-down  and  shrunken 
red  blood-corpuscles,  pigment  granules,  and 
colorless  granular  debris.  If  the  softening  ex- 
tends to  the  superficial  layers,  and  if  there  is, 
at  the  same  time,  a  certain  strength  of  blood- 
current  in  the  region  of  the  thrombus,  the  soft- 
ening debris  are  swept  along  into  the  circulation. 
And  if,  under  these  conditions,  somewhat  large 
pieces  become  detached  from  their  surroundings 
and  are  swept  along  with  the  blood-current, 
arterial  emboli  will  be  established  (see  Fig.  2, 
on  page  41). 

In  the  yellow  puriform  or  septic  softening 
the  thrombus  breaks  down  into  a  yellow  or 
grayish-yellow  or  reddish-yellow  mass  similar 
to  pus,  grumous,  creamy,  and  foul-smelling, 
which  along  with  pus-corpuscles  contains  a 
great  deal  of  a  finely  granular  substance  made 
up  of  fatty  and  albuminous  detritus  and  mi- 
crococci. This  mass  acts  as  a  destructive  irritant, 
causing  inflammation  by  its  contact.  As  a  result 
the  intima  becomes  cloudy,  and  a  suppurative 
inflammation  arises  in  the  media  and  adventitia, 
as  well  as  in  the  parts  about  the  vessel.    After 

a  short  time  all  the  vascular  tunics  become  infiltrated  and  present  a 
dirty-yellow  or  grayish-yellow  appearance.  Ulcerative  destruction  of 
the  tissues  eventually  supervenes.  If  the  puriform  masses  are  carried 
along  by  the  blood-current  to  other  places,  there  too  they  lead  to  necro- 
sis and  septic  disintegration  of  the  tissues,  and  to  suppurative  inflam- 
mation, which  affects  not  only  the  wall  of  the  vessels,  but  also  the 
circumjacent  tissues. 

The  process  of  puriform  softening  of  a  venous  or  an  arterial  plug, 
coupled  with  the  infiltration  of  the  vascular  wall,  is  denominated 
thrombo=phlebitis  purulenta  or  thrombo=arteritis  purulenta.  The 
inflammation  of  the  vessel-wall  may  start  either  in  the  softening  throm- 
bus or  else  in  the  parts  adjacent  to  the  vessel.     In  the  latter  case  the 


Fig.  33.— Remains  of  a  throm- 
bus of  the  right  femoral  vein, 
formed  three  years  before  death. 

a,  Obliterated  portion  of  the 
vein  (the  right  common  iliac 
vein  was  likewise  obliterated); 

b,  c,  d,  bridles  of  connective  tis- 
sue in  the  interior  of  the  vein 
and  of  its  branches;  e,  recent 
thrombus.    (Natural  size.) 
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softening  of  the  thrombus  either  goes  on  simultaneously  with  the  inflam- 
mation of  the  vessel-wall  or  else  succeeds  it.  These  occurrences  take 
place  most  frequentlj'  in  the  neighborhood  of  ])urulent  foci. 

The  most  favorable  issue  of  thrombosis  is  in  the  organization  of  the 
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Fig.  23.— Closure  of  an  artery  of  the  lungs  by  a  mass  of  coimective  tissue,  which  developed  after  the 
vessel  had  become  plugged  by  an  embolus.  (Specimen  preserved  in  MuDer's  fluid,  and  stained  vrith  haema- 
toxylin  and  eosin.)  a.  Wall  of  the  artery ;  b,  connective  tissue  in  the  interior  of  the  vessel ;  c,  cZ,  newly 
formed  blood-vessels.    Magnified  4.5  diameters. 

thrombus — that  is,  in  its  being  replaced  by  vascularized  connective 
tissue. 

The  new  connective  tissue  is  developed  from  proliferating  endothe- 
lial cells ;  but  if  these  have  been  destroj-ed  in  the  formation  of  the  throm- 
bus, then  plastic  migratory-  cells  from  the  outer  layers  of  the  vessel-wall 
must  take  their  place.  The  thrombus  itself  takes  no  part  in  the  process 
of  organization;  it  is  a  lifeless  mass  which  excites  inflammation  in  sur- 
rounding parts.     In  course  of  time  the  place  of  the  lifeless  thrombotic 

mass  is  taken  by  vascularized  connec- 
tive tissue  (Fig.  23,  6,  r,  d). 

The  cicatricial  tissue  occupying 
the  place  of  the  thrombus  shrinks 
more  or  less  in  course  of  time.  Ci- 
catrices after  ligation  become  in  this 
way  very  small.  Such  a  cicatrix  in 
the  continuity  of  a  vessel  may  later 
have  the  appearance  of  merely  a  thick- 
ening of  the  vessel-wall,  or  there  maj^ 
remain  only  threads  and  trabeculse 
(Fig.  22,  h]  c,  d),  which  cross  the 
lumen  of  the  thrombosed  vessel,  so 
that  the  blood-current  can  once  more 
pass  the  affected  spot.  It  not  infre- 
quently happens,  nevertheless,  that  the 
FIG.  24.-Remains  of  an  embolic  plug  in  a     conuective-tissue  bridles  crossiug  the 

branch  of  the  pulmonary  arterv.    a.  Shrunken       Inmpn     nf    flip  vpcii^pl    Pflimp    fl,    marked 
embolus  traveled  by  threads  of  connective       j^men^    OI    me  ^  essei    caube    a    maiKeu 

tissue  ;&,  bridles  of  connective  tissue  crossing       lessening   Ol  itS  Calibre  I    and    tlllS    may 

ov^^the  oriflces  of  branch  vessels.    (Natural       ^^^^^^^  ^O    a   complete   obliteration   of 
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tlie  vessel,  so  that  the  blood-vessels  for  a  greater  or  less  distance  become 
converted  entirely  into  solid  fibrous  cords. 

Pieces  broken  off  from  a  thrombus  and  carried  into  an  artery  and 
there  wedged — so-called  emboli— generally  induce  fresh  deposits  of 
fibrin  ui)on  their  surface.  Afterward  they  undergo  the  same  changes 
as  thrombi,  and  may  either  soften  and  break  down  or  become  shrunken 
(Fig.  24,  a)  and  calcified.  If  the  emboli  are  non-infectious  they  gener- 
ali}' become  replaced  by  vascular  connective  tissue  (Fig.  23,  h,  c). 

In  many  cases  this  new  formation  of  connective  tissue  leads  to  the 
obliteration  of  the  artery  (Fig.  23).  In  other  cases  in  the  place  of  the 
embolus  there  becomes  developed  only  a  ridge  of  connective  tissue  or 
perhaps  a  knobbed  or  a  flattened   thickening  of  the  intima.     In  still 
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Fig.  25.— Embolus  of  an  intestinal  artery  with  suppurative  arteritis,  embolic  aneurism,  and  periarterltic 
metastatic  abscess.  (Alcohol ;  fuchsin.)  a,  h,  c,  d,  c.  Layers  of  the  intestinal  wall ;  /,  wall  of  the  artery ; 
y,  the  embolus,  surrounded  with  pus-corpuscles,  lying  within  the  dilated  and  partially  suppurating  artery  ; 
7f,  parietal  thrombus;  i,  periarterial  purulent  Infiltration  of  the  submucosa ;  k,  vein's  gorged  with  blood. 
Magnified  30  diameters. 

other  cases  the  lumen  of  the  vessel  is  traversed  by  bridles  of  connective 
tissue  (Fig.  24,  h) ,  which  either  run  separately,  or,  through  mutual  inter- 
lacings,  form  a  wide-  or  a  close-meshed  network. 

If  the  emboli  contain  pyogenic  organisms,  which  is  especially  apt  to 
be  the  case  if  the  emboli  come  from  a  thrombus  lying  in  a  suppurating 
focus,  suppuration  then  arises  at  the  site  of  the  embolus  (Fig.  25,  (/), 
and  occasionally  ulceration  also. 

§  42.  In  those  conditions  which  have  been  described  above  as  active 
and  passive  hy perse mia  respectively,  the  blood  during  life  is  in  circula- 
tion. In  the  active,  congestive  form  the  velocity  of  the  blood-current  is 
increased;  in  the  passive  form^venous  hypersemia — it  is  diminished. 
If  venous  hyperoemia  becomes  very  marked,  so  that  the  blood  entering  a 
part  cannot  find  exit,  the  circulation  in  the  small  veins  and  capillaries, 
and  even  in  the  smaller  afferent  arteries,  may  come  to  a  complete  stand- 
still; and  that  condition  then  obtains  which  is  known  as  stasis  or  stag= 
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nation  of  the  blood  (Fig.  26).  Inasmuch  as  fresli  masses  of  blood  from 
the  arteries  strive  with  each  i:»ulse-beat  to  force  their  way  into  the  area 
of  stagnation,  and  thus  distend  the  capillaries  and  the  veins  more  and 
more,  the  pressure  within  these  rises  to  be  the  same  as  that  at  the  point 
of  divergence  of  the  nearest  permeable  artery,  and  by  this  means  a  great 
portion  of  the  fluids  of  the  blood  is  pressed  out  of  the  capillaries  and 
the  veins.  The  red  blood-corpuscles  consequently  become  so  closely 
jammed  together  that  their  contours  are  no  longer  discernible,  and  the 
total  contents  of  the  vessels  form  a  homogeneous,  scarlet-red  column 


FIG.  26.— Stasis  from  venous  hypergemia  in  the  vessels  of  the  corium  and  of  the  papillae  of  the  plantar 
surface  of  the  toes  in  a  man  succumbing  to  valvular  disease,  heart-failure,  and  arteriosclerosis.  (MüUer's 
flidd  ;  alum-carmine.)    Deep-\äolet  coloring  and  commencing  gangrene  of  the  toes.    Magnified  20  diameters. 

(Fig.  26).  At  the  same  time,  however,  the  blood-corpuscles  are  not 
fused  together.  As  soon  as  the  obstacle  to  the  outflow  is  done  away 
with  and  circulation  is  once  more  resumed,  the  individual  blood-cor- 
puscles become  once  more  separated  from  one  another. 

Stasis  is  produced  not  only  by  damming  back  of  the  blood,  but  also 
by  numerous  influences  affecting  the  vessel-walls  and  the  blood  itself. 
Thus  lieat  and  cold,  irritation  ivitli  acids  or  icitli  alJcalies,  the  action  of  con- 
centrated sugar-  or  common-salt  solutions,  of  chloroform,  alcohol,  etc.,  may 
cause  not  only  contraction  or  relaxation  of  the  vessels  and  disturbances 
of  the  circulation,  but  may,  under  certain  circumstances,  produce  stasis. 
The  immediate  harm  effected  by  these  injurious  agents  lies  in  their 
action  in  abstracting  water  from  the  blood  and  from  the  vessel- walls ; 
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in  their  further  action,  however,  they  induce  essential  changes  in  the 
composition  of  the  blood-corpuscles,  of  the  blood-plasma  and  of  the 
vessel-walls,  whereby  the  blood-corpuscles  become  less  mobile,  and 
the  vessel-walls  come  to  offer  increased  frictional  resistance  to  the 
blood-current,  while  they,  at  the  same  time,  permit  the  fluid  portions 
to  pass  through  them  more  readily.  Stasis,  accordingly,  may  also  de- 
velop through  the  loss  of  water  and  the  corresponding  drying  of  the  tis- 
sues,— an  event  which  is  likely  to  follow  any  injury  which  lays  bare  some 
structure  (the  intestine,  for  example)  situated  in  the  interior  of  the  body. 


IV.  CEdema  and  Dropsy. 

§  43.  The  unconfined  fluid  which  permeates  the  tissues  is  essen- 
tially a  transudation  from  the  blood,  though,  under  some  circumstances, 
a  portion  of  the  juice  contained  in  the  cells  and  fibres  may  also  pass  over 
into  the  unconfined  fluid  of  the  tissues  (Heidenhain) .  The  exudation  of 
fluid  from  the  vessels  is  not  a  process  of  simple  filtration,  but  is  rather 
to  be  regarded  as  a  process  of  secretion,  effected  by  means  of  the  spe- 
cific function  of  the  capillary  walls.  The  fluid  secreted  from  the  capil- 
laries, which  becomes  mingled  with  the  products  of  tissue-metabolism, 
is  absorbed  by  the  lymphatics  from  the  interstices  of  the  tissues,  and  is 
returned  to  the  veins  through  the  ductus  thoracicus. 

Every  increase  in  the  transudation  of  the  blood-fluids  occasions  pri- 
marily an  increase  in  the  permeation  of  the  tissues,  which,  for  the  most 
part,  is  again  reduced  by  an  increased   absorption   through  the  lym- 
phatics.     This  equilibration,  how- 
ever,  has    its    limits;     with    in- 
creased   transudation      from     the 
blood-vessels  we   get   a   more    or 
less  permanent   oversaturation    of 
the  tissues  with  the  transuded  fluid. 

That  condition  which  is  pro- 
duced by  this  collection  of  fluid  no.  2r.-Longltudinal  section  through  oedema- 
iTi  fViA  ficsQiiPQ  1Q  "b-nnw-n  a«  dron<;v  t^"s  muscle-flbres  of  the  gastrocnemius  of  a  sub- 
in  ine  Tissues  IS  Known  as  uropjsy,  jectwith  chronic  oedema  of  the  legs.  (Flemming's 
€edema,  or  hydrops,  and  we  distin-       mixture:  saffranln.)    Magnified  45  diameters. 

guish    between   a    general    and    a 

localized  dropsy  according  to  the  extent  of  the  affection.  (Edema  ex- 
tending over  superficial  portions  of  the  body  is  known  as  anasarca  or 
as  hyposarca. 

That  transudate  from  the  blood  ivhich  constitutes  the  dropsical  or  cede- 
matous  ßnid  is  ahvays  considerably  less  rich  in  albumin  than  the  blood- 
plasma.  The  fluid  collects  first  in  the  interstices  of  the  tissues  as  free 
tissue-fiuid,  and  maj  then  soak  into  the  tissues  themselves  and  thus 
cause  swelling  of  the  cells  and  of  the  fibres,  and,  under  some  circum- 
stances, the  formation  of  vacuoles  (Fig.  27),  due  to  the  accumulation 
of  drops  of  fluid  within  the  cells  or  their  derivatives. 

This  may  be  most  frequently  demonstrated  in  tegumentary  and  in 
glandular  epithelium,  but  becomes  at  times  distinctly  evident  also  in 
other  tissue-elements,  particularly  in  muscle-fibres  (Fig.  27),  whose 
fibrillge  become  separated  by  drops  of  fluid.  It  may  happen,  moreover, 
that  cells  in  oedematous  tissues,  particularly  in  the  lungs  and  the  serous 
membranes,  become  loosened  from  their  attachment,  and  the  fluid  then 
comes  to  contain  an  admixture  of  epithelial  cells  in  considerable  numbers. 
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Tissues  which  are  the  seat  of  oedema  appear  swollen,  though  the 
degree  of  swelling  is  essentially  dependent  upon  the  structure  of  the 
tissue.  The  skin  and  the  subcutaneous  cellular  tissue  are  able  to  take 
up  into  the  interstices  of  their  structure  large  quantities  of  liquid,  and 
an  extremity  may  accordingly  become  enormously  swollen  with  oedema. 
Its  appearance  is  then  pale,  it  has  a  doughy  feeling,  and  upon  pressure 
with  the  finger  an  indentation  remains  behind.  An  incision  sets  free 
an  abundance  of  clear  liquid  and  reveals  the  tissues  thoroughly  satu- 
rated with  fluid. 

The  lung  behaves  in  a  similar  way.  Owing  to  its  limited  room  it  is 
not  especially  distensible,  but  it  contains  multitudes  of  cavities  filled 
with  air,  and  these,  upon  the  advent  of  oedema,  become  filled  with 
liquid,  which  on  pressure  escapes  from  a  cut  surface,  generally  min- 
gled with  air-bubbles. 

Far  less  capable  of  retaining  fluids  is  the  kidney  ;  consequently  but 
little 'fluid  flows  off  on  section  of  an  oedematous  kidney,  though  the  cut 
surface  is  moist  and  glistening. 

The  amount  of  blood  contained  in  oedematous  tissues  is  variable, 
and  their  color  is  consequently  so  also. 

Such  cavities  of  the  body  as  are  the  seat  of  dropsical  effusion  con- 
tain at  one  time  a  considerable,  and  at  another  a  very  small  amount  of 
clear,  generally  light-yellow,  rarely  quite  colorless,  alkaline  fluid,  which 
occasionally  contains  a  few  flakes  of  fibrin  (cf.  the  chapter  on  Inflam- 
mation). Compressible  organs  are  compressed  by  the  exudation,  and 
cavities  are  dilated. 

A  collection  of  fluid  in  the  abdominal  cavity  goes  by  the  name  of 
ascites. 

The  proportion  of  albumin  in  pure  transudates  is  not  the  same  in  all 
the  tissues  and  cavities  of  the  body,  but  differs  within  wide  limits.  Ac- 
cording to  Reuss,  the  proportion  of  albumin  in  transudations  of  the 
pleura  is  22.5  pro  mille ;  of  the  pericardium,  18.3;  of  the  peritoneum, 
11.1 ;  of  the  subcutaneous  cellular  tissue,  5.8 ;  of  the  cerebral  and  spinal 
cavities,  1.4.  Therein  lies  a  proof  of  the  differing  constitution  of  the 
vessel-wall  in  the  several  tissues  of  the  body. 

The  water  of  the  various  organs  and  tissues,  according  to  Heidenhain,'  is  made  up 
of  three  parts — of  the  water  present  in  the  blood,  of  the  lymph  of  the  organ  under  con- 
sideration, and  of  the  water  contained  in  the  cells  and  in  the  fibres — the  tissue-fluid 
proper.  This  tissue-fluid  may,  under  certain  circumstances,  undergo  considerable  varia- 
tions, increasing  at  the  expense  of  the  watery  part  of  the  blood  or  of  the  lymph,  or 
diminishing  as  the  latter  increases. 

If  the  proportion  of  crystalloids  m  the  blood  (urea,  sugar,  salts)  becomes  greater,  both 
blood  and  lymph  come  to  contain  a  greater  proportion  of  water,  which  is  possible  only 
in  this  way  :  that  these  substances,  when  thrown  into  the  blood,  pass  over  into  the 
lymph-spaces,  and,  by  their  aflinity  for  the  tissue-fluids,  excite  a  discharge  of  water 
from  the  tissue-elements.  The  prompt  passage  of  the  crystalloids  from  the  blood  and  the 
lymph  is  accomplished  with  the  aid  of  a  force  inherent  in  the  capillary  cells  ;  that  is,  it 
is  not  a  phenomenon  of  mere  diffusion.  The  evidence  of  this  lies  in  the  fact  that  the 
proportion  of  salts  or  of  sugar  in  the  lymph  is  oftentimes  greater  than  that  m  the  blood. 

§  44.  According  to  the  etiology  we  distinguish  four  varieties  of 
oedema — namely,  oedema  from  stagnation  of  the  blood  in  the  blood- 
vessels, oedema  caused  by  interference  with  the  escape  of  the  lymph, 
oedema  due  to  some  disturbance  of  the  capillary  secretion  (the  result  of 

'"Versuche  und  Fragen  zur  Lehre  von  der  Lymphbildung"  [Experiments  and 
Queries  Regarding  the  Theory  of  Lymph-formation],  Arch.  f.  d.  ges.  Physiologie,  49. 
Bd.,  1891,  and  Verh.  des  X.  internat.  med.  Cong.,  ii.,  Berlin,  1891. 
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alterations  in  the  walls  of  the  capillaries),  and  oedema  ex  vacuo.  The 
third  one  of  these  varieties  is  designated  by  the  practising  physician  by 
one  or  the  other  of  the  following  terms :  inflammatory  oedema,  hydr£emic 
or  cachectic  oedema,  and  neuropathic  oedema. 

The  oedema  of  stagnation  owes  its  origin  to  the  fact  that  when  the 
escape  of  blood  from  the  capillaries  is  seriously  interfered  with,  the 
pressure  in  these  small  vessels  increases,  and  the  fluid  portions  of 
the  blood  then  seek  an  outlet  through  their  walls, — a  state  of  affairs 
which  gives  rise  to  the  escape  of  an  abnormal  amount  of  fluid  from  the 
vessels.  The  amount  of  the  escaping  fluids  increases  in  proportion  to 
the  degree  of  discrepancy  between  the  inflow  and  the  outflow  of  the 
blood,  and  is  therefore  increased  by  an  increase  in  the  afflux  of  blood. 

The  escaping  fluid  never  contains  much  albumin,  though  with  in- 
creased pressure  in  the  veins  the  proportion  of  albumin  rises  (Senator) ; 
the  fluid,  furthermore,  may  contain  more  or  less  numerous  red  blood- 
corpuscles,  and  their  number  increases  with  the  degree  of  obstruction. 

The  immediate  result  of  an  increased  transudation  is  an  increased 
flow  of  lymph,  and  this  may  suffice  to  carry  off  all  the  fluid.  If  it  does 
not  so  suffice,  the  fluid  collects  in  the  tissues  and  we  have  a  condition 
of  oedema  or  dropsy.  According  to  Landerer,  the  occurrence  of  this 
condition  is  favored  by  the  fact  that  the  elasticity  of  the  tissues  becomes 
diminished  in  consequence  of  the  long-continued  increase  of  the  press- 
ure to  which  they  are  subjected. 

Obstruction  to  the  flow  of  the  lymph,. as  experiments  in  this  line 
have  shown,  is  not  ordinarily  succeeded  by  oedema.  In  the  first  place, 
the  lymph-vessels  in  the  various  parts  of  the  bodj^  have  elaborate  anasto- 
moses, so  that  an  obstruction  to  the  flow  of  lymph  does  not  readily 
occur;  and  even  when  all  the  efferent  lymphatics  of  an  extremity  are 
closed  off',  provided  the  lymph-formation  remains  normal,  no  dropsy 
generally  ensues,  inasmuch  as  the  blood-vessels  themselves  are  able  to 
take  up  the  lymph  again.  Only  the  occlusion  of  the  ductus  tJioracicus  is 
ordinarily  followed  by  stasis  of  the  lymph  and  by  oedema,  particularly 
by  ascites ;  but  we  must  still  observe  that  even  in  this  case  collateral 
channels  may  open  up,  and  may  suffice  to  carry  off  the  lymph. 

Although  lymphatic  obstruction  is  not  ordinarily  sufficient  to  cause 
oedema  of  itself,  yet  it  does  increase  an  oedema  already  produced  by 
excessive  transudation  from  the  blood-vessels. 

Pathological  alterations  in  the  walls  of  the  capillaries  and  veins 
of  such  a  nature  as  to  cause  an  increase  in  the  vascular  secretion  ' 
(Heidenhain) ,  and  thus  induce  oedema,  ma}^  occur  as  the  outcome 
merely  of  loncj-contiyiued  passive  congestion  and  the  resulting  imperfect 
renewal  of  the  blood.  Such  alterations  occur,  however,  in  the  majority 
of  cases,  as  the  result  of  protracted  ischcemia,  of  imperfect  oxygenation, 
OT  oi  chemical  changes  in  the^blood ;  or  they  may  be  due  to  the  effect  of 
high  or  low  temperatures,  or  to  active  traumatism.  It  is  also  probable 
that  either  irritation  or  paralysis  of  the  vaso-motor  nerves  may  lead  to  an 
increased  vascular  secretion.^  Just  what  changes  the  vessels  suffer 
under  these  circumstances  we  are  not  able  to  state  precisely,  but  it  is 
proper  enough  to  suppose  that  some  alteration  of  the  endothelial  cells 
and  of  the  cementing  substance  between  them  is  the  most  important  part 
of  the  lesion.  If  through  these  influences  oedema  arises,  then  we  may  dis- 
tinguish, according  to  the  cause,  toxic,  infectious,  thermal,  trau- 
matic, ischaemic,  neuropathic  oedema,  etc.,  and  such  a  division  has 

1  Vide  supra,  §  43. 
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much  to  commend  it.  Hitherto  the  kinds  of  oedema  here  under  consid- 
eration have  generally  been  relegated  to  two  groups,  inflammatory 
oedema  and  cachectic  oedema. 

Inflammatory  oedema  is  most  undoubtedly  to  be  referred  to  an  alter- 
ation in  the  icall  of  the  vessel,  and  is  seen  both  as  an  independent  affec- 
tion, in  the  shape  of  circumscribed  or  more  extensive  swellings  and 
droj)sical  effusions,  and  also  as  an  epiphenomenon  in  the  neighborhood 
of  severe  inflammatory  processes.  In  the  latter  case  it  is  fre(|uently 
called  collateral  a^dema.  Inflammatory  oedema  is  differentiated  from  the 
oedema  of  stagnation  in  that  the  transuded  fluid  holds  far  more  albumin 
in  solution  and  is  much  richer  in  white  blood-corpuscles,  and,  further- 
more, in  that  considerable  coagula  occur  in  it  (cf.  the  chapter  on  Inflam- 
mation) .  Its  origin  is  to  be  sovight  sometimes  in  infectious  and  toxic, 
sometimes  in  thermal  or  traumatic  influences,  and  again  in  a  temporary 
ischsemia. 

As  to  hydrsemic  or  cachectic  oedema,  it  was  long  thought  that  hy- 
drsemia  proper — i.e.,  diminution  of  the  solids  of  the  blood — as  well  as 
hydrsemic  plethora — i.e.,  retention  of  water  in  the  blood— could  be  an 
immediate  cause  of  increased  transudation  from  the  blood-vessels.  It 
was  supposed  that  the  vessel- walls  behaved  as  animal  membranes  and 
allowed  a  fluid  poor  in  albumin  to  pass  through  more  readily  than  one 
containing  a  larger  amount  of  albumin.  The  vessel-w^alls  are  not,  how- 
ever, lifeless  animal  membranes,  but  are  to  be  regarded  as  a  living  organ. 
Hydrsemia,  experimentally  i:)roduced,  is  not,  according  to  Cohnheim, 
followed  by  oedema;  and  even  when  we  succeed,  through  the  production 
of  hydrgemic  plethora — i.e.,  through  overfilling  the  vascular  system  with 
watered  blood — in  obtaining  an  increased  transudation  from  the  vessels, 
and  eventually  oedema,  this  oedema  supervenes  only  after  the  proportion 
of  water  in  the  blood  has  become  very  large,  and,  moreover,  it  does  not 
develop  in  the  same  localities  where  the  so-called  hydr?emic  oedema  in 
man  develops.  We  are  driven,  then,  to  assume  that  the  oedema  of  ca- 
chectic individuals,  as  well  as  that  of  "nephritics  " — i.e.,  of  individuals 
whose  renal  function  is  imperfect — is  due  essentially  to  an  alteration  of 
the  vessel-icalls,  an  alteration  caused  either  by  the  hydrated  condition  of 
the  blood  or  by  a  poison  circulating  in  that  fluid.  Probably  other  le- 
sions of  the  tissues  should  be  considered  in  this  connection  (Landerer) 
— lesions  which  diminish  the  elasticity  of  the  tissues.  Under  these 
conditions  the  %(i?Ye?/?/«  indeed  favors  the  a2:)pearance  of  oedema,  but  is 
not  the  sole  cause  thereof,  nor  does  it  determine  the  site  of  the  same. 

Hydrsemic  oedema  is  distinguished  from  inflammatory  oedema  by  the 
facts  that  the  transudate  is  less  rich  in  albumin,  and  that  it  contains 
corpuscular  elements  in  smaller  proportion. 

^  CEdema  ex  vacuo  occurs  principally  in  the  cranial  cavitj'  and  in  the 
spinal  canal,  and  arises  in  all  cases  in  which^  a  portion  of  the  brain  or  of 
the  spinal  cord  is  lost  and  its  place  is  not  ta&n  by  some  other  tissue.  In 
atrophy  of  the  brain  and  of  the  cord  the  subarachnoidal  spaces  in  par- 
ticular become  enlarged ;  occasionally  the  ventricles  also.  Local  defects 
either  become  filled  by  dilatation  of  the  nearest  subarachnoidal  spaces 
or  of  the  adjacent  portions  of  the  ventricles,  or  fluid  collects  directly  at 
the  site  of  the  defect. 

According  to  Cohnheim  and  Lichtheim,  injections  of  aqueous  solutions  of  salt  into 
the  vascular  system  of  dogs  ^  show  that  hydration  of  the  blood  does  not  produce  oedema. 

1  Virch.  Arch.,  69.  Bd. 
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If  the  mass  of  the  blood,  is  increased,  an  increase  is  observed  in  almost  all  the  secretions 
(saliva,  intestinal  juices,  bile,  urine,  etc.)  and  also  in  the  flov7  of  lymph;  the  last,  how- 
ever, not  universally — for  instance,  not  in  the  extremities.  In  an  advanced  state  of 
hydremic  plethora  the  abdominal  organs  become  ojdematous,  but  never  the  extremities. 
Control-experiments  recently  made  by  Francotte  confirm  the  observation  that  hydremic 
plethora  artificially  induced  in  the  lower  animals  results  directly  in  dropsy  of  the  ab- 
dominal organs  ,  but  Francotte  obtained  oedema  also  of  the  skin  and  of  the  subcutaneous- 
cellular  tissue. 

The  view  that  the  so-called  hydraemic  oedema  is  merely  the  result  of  an  increase  of 
the  absolute  amount  of  water  in  the  blood  is  championed  especially  by  von  Reckling- 
hausen and  by  Pisenti.  The  distribution  of  the  dropsy  is,  according  to  von  Reckling- 
hausen, essentially  dependent  upon  bodily  position,  external  pressure,  impeded  circula- 
tion, difference  m  innervation  of  the  several  vascular  areas,  and  upon  the  consequent 
difference  in  the  fulness  of  their  vessels. 

lean  subscribe  to  these  opinions  only  in  so  far  as  they  apply  to  the  modifying 
factors  named,  not,  however,  as  regards  their  general  drift.  Opposed  to  this  are  not 
only  the  experiments  of  Cohnheim  and  Lichtheim  above  referred  to,  but  also  the  fact 
that  in  nephritic  as  well  as  m  cachectic  subjects  oedema  not  infrequently  appears  at  a 
time  when  no  hydrsemic  plethora  is  present,  and  that,  conversely,  with  hydrgemic  plethora 
present,  oedema  may  be  wanting.  I  therefore  look  upon  the  increase  in  the  amount  of 
water  as  only  one  factor  which  is  favorable  to  the  occurrence  of  oedema. 

According  to  Lowit,  for  the  development  of  an  oedema  of  stagnation  in  the  lungs, 
an  obstruction  to  the  outflow  of  the  blood  from  the  hmgs  is  not  alone  sufficient ;  there 
must  at  the  same  time  be  an  increased  afflux  of  blood  to  the  lungs,  which,  moreover,  must 
persist  for  a  certain  length  of  time. 

According  to  Heidenhain,  the  specific  function  of  the  capillary  walls  plays  a  con- 
trolling part  in  the  formation  of  lymph,  and  consequently  the  formation  of  this  material 
can  be  influenced  by  various  substances  present  in  the  blood.  The  fact  that  crystalloid 
substances  are  quickly  eliminated  from  the  capillaries  and  cause  a  discharge  of  tissue- 
fluids  into  the  lymph  has  already  been  mentioned  in  §  43.  Heidenhain  has,  however, 
found  substances  which,  when  injected,  increase  the  transudation  of  water  from  the 
blood-vessels  into  the  lymph.  This  may  be  accomplished,  for  instance,  with  decoctions 
of  the  muscles  of  crabs  and  of  fresh-water  mussels,  or  of  the  heads  and  bodies  of  leeches 
or  with  injections  of  peptone  and  of  egg-albumen  ;  and  by  these  means  the  quantity  of 
lymph  flowing  from  the  ductus  thoracicus  may  be  increased  from  five  to  six  or  even 
fifteen  fold.  There  is  also  a  concomitant  increase  in  the  proportion  of  organic  matter 
in  the  lymph.  The  exciting  substance  must  then  stimulate  the  specific  function  of  those 
cells  in  the  capillary  walls  which  secrete  the  lymph.  If  we  reason  from  these  observa- 
tions, it  seems  very  i)robable  that  many  skin-affections  described  as  neuropathic,  and 
characterized  by  cutaneous  hypersemia  accompanied  by  oedematous  swelling — as,  for  ex- 
ample, urticaria,  erythema  nodosum,  and  herpes  zoster — are  to  be  regarded  as  intoxica- 
tions coupled  with'  nervous  affections  and  with  disturbances  of  the  secretory  activity  of 
the  capillaries.  Possibly  the  secretion  of  the  capillaries  may  be  affected  also  by  direct 
innervation. 

V.  Hemorrhage  and  the  Formation  of  Infarcts. 

§  45.  By  hemorrhage  we  understand  the  escape  of  all  the  ingredi- 
ents of  the  blood  from  the  vessels  {extravasation)  into  the  tissues  or 
upon  a  free  surface.  It  is  either  arterial  or  venous  or  capillary,  or  else 
occurs  from  all  the  vessels  at  once.  The  blood  which  has  escaped  from 
the  capillaries  is  termed  an  extravasate  ;  at  the  same  time,  for  the  differ- 
ent forms  of  hemorrhage  there  are  a  great  variety  of  names  in  use.  If 
the  hemorrhagic  foci  are  small  and  form  more  or  less  sharply  defined, 
punctate,  red  or  reddish-black  spots,  we  designate  them  as  petechice  or 
eccliynioses ;  if  they  are  larger  and  less  clearly  defined,  as  suggillati07)s 
and  as  bloody  sufusions.  If  the  affected  tissue  is  solidly  infiltrated  with 
the  escaped  blood,  but  yet  not  rent  nor  broken  up,  we  call  it  a  hemor- 
rhagic  infarct.  If  the  blood  forms  a  tumor  we  speak  of  it  as  a  Jicema- 
toma,  or  a  blood-tumor. 

The  blood  which  escapes  from  the  vessels  into  the  neighboring  tis- 
sues collects  at  first  in  the  interstices  (Fig.  28).  If  a  large  (quantity  of 
blood  is  poured  out,  the  structure  of  the  tissue  may  be  completely-  con- 
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cealed.  The  more  delicate  structures,  like  those  of  the  brain  and  spinal 
cord,  may  be  destroyed  by  a  somewhat  copious  hemorrhage. 

If  the  hemorrhage  occurs  at  the  free  surface  of  an  organ  the  blood 
either  escapes  externally  or  is  poured  out  into  the  cavity  surrounding 
the  organ. 

Hemorrhage  from  the  mucous  membrane  of  the  nose  is  called  epi- 
staxis ;  vomiting  of  blood,  hcematemesis  :  bleeding  from  the  lungs,  lutmop- 
toe  or  hcemojjtysis  ;  from  the  uterus,  metrorrhagia  or  menorrhagia  (dur- 
ing menstruation) ;  from  the  urinary'  organs,  hcematuria ;  and  from  the 
sweat-glands ,  hcemath idt vs is . 

A  collection  of  blood  in  the  uterus  is  designated  as  hcmotornetra^  in 
the  pleural  cavity  as  JuernotJiorax,  in  the  tunica  vaginalis  testis  as  lianna- 
tocele,  in  the  pericardium  as  jKemopericardhirn. 

Those  hemorrhages  in  the  skin  which  are  not  the  result  of  violence 
are  generally  designated  di'&  jjinpura  (Fig.  28).     What  are  called  hemor- 


FiG.  28.— Hemorrhage  in  the  skin  near  the  knee  ;  from  a  man  eighty-one  years  of  age.    (Formalin  ;  haema- 
toxylin  ;  eosin.)    Magnified  80  diameters." 

rhagichlebs — accumulations  of  bipod  and  serum  beneath  the  epidermis — 
form  at  spots  where  disintegration  has  taken  place  in  the  deeper  layers 
of  the  epithelium. 

Eecent  extravasations  of  blood  have  the  color  characteristic  of  arterial 
or  of  venous  blood.  Later,  the  extravasate  undergoes  various  altera- 
tions, which  are  particularly  characterized  by  color-changes.  Subcu- 
taneous suggillations  become  first  brown,  then  blue  and  green,  and 
finally  yellow.  In  course  of  time  extravasates  become  absorbed  again 
(compare  Chapter  lY. ),  and  while  this  is  in  progress  a  certain  amount  of 
proliferation  of  the  tissues  often  takes  place.  Connective  tissue  may 
push  out  bourgeons  into  large  collections  of  blood,  growing  through 
them  in  every  direction,  or  mav  encapsulate  them  entirelv  (compare 
Chapter  VI. ); 

Hemorrhages  may  occur,  on  the  one  hand,  from  interruption  in  the 
continuity  of  the  vessel=v^all,  and  are  then  called  hemorrhages  per 
rhexin  or  per  diabrosin.  This  is  the  only  form  of  arterial  hemorrhage. 
Prom  the  cai)illaries  and  the  veins  hemorrhage  may  occur,  on  the  other 
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hand,  in  still  another  manner — to  wit,  per  diapedesin  ;  that  is,  by  a 
process  in  which  red  blood-corpuscles  pass  through  the  vessel-wall  with- 
out any  previous  rent  in  the  same.  Such  hemorrhages  are  often  quite 
small  and  of  inconsiderable  extent ;  in  other  cases  the  process  continues 
for  a  longer  time,  and  the  infiltration  of  the  tissues  wdth  red  blood-cor- 
puscles becomes  very  extensive.  Hemorrhages  by  diapedesis  are  ac- 
cordingly not  always  small,  and  hemorrhages  by  rhexis  not  always 
great.  Kupture  of  a  capillary  or  of  a  small  vein  does  not  cause  profuse 
bleeding;  on  the  other  hand,  the  escape  of  blood  by  diapedesis  may 
attain  to  very  great  proportions.  In  a  given  case  it  is  by  no  means 
always  easy — indeed,  it  is  often  impossible — to  make  out  whether  hem- 
orrhage has  taken  place  by  rhexis  or  by  diapedesis. 

The  phenomenon  of  diapedesis  may  be  observed  under  the  microscope  in  the  frog's 
mesentery  or  in  the  web  of  the  frog's  foot.  If  before  the  examination  we  ligate  the 
efferent  veins,  we  see  that  the  capillaries  and  the  veins  become  gorged  with  blood. 
After  a  certain  time  the  red  blood-corpuscles  begin  to  escape  from  the  capillaries  and 
the  veins.'  Hering'^  regards  the  process  as  one  of  filtration.  As  a  result  of  obstruction 
to  the  outflow,  the  blood  seeks  to  escape  laterally  and  is  forced  through  the  vessel-wall 
by  pressure. 

Exliaustiye  investigations  in  regard  to  diapedesis  of  the  red  blood-corpuscles,  as 
well  as  in  regard  to  the  escape  of  other  anatomical  elements  within  the  blood-vessels, 
have  been  carried  on  by  Arnold.^  He  thought  first  that  w'e  must  admit  the  presence  of 
gaps  in  the  endothelial  tube  at  the  points  of  exit  of  the  corpuscular  elements,  and  he 
designated  these  gaps  as  stigmata  and  stomata.  He  subsequently  recognized  the  supposed 
openings  to  be  but  accumulations  of  the  intercellular  cement-substance  between  the  en- 
dothelial cells.  Under  pathological  conditions  this  cement-substance  becomes  softened 
and  permits  the  passage  of  the  red  blood-corpuscles. 

§  46.  The  causes  of  interruptions  of  continuity  in  the  vessel=waHs 

are  partly  mechanical  wjury,  partly  increase  in  the  hi  tr avascular  pressure, 
partly  disease  of  the  blood-vessels.  Increase  in  the  blood-pressure  in  the 
capillaries  and  smallest  veins  is  sufficient  of  itself  to  cause  rupture  with- 
out the  aid  of  vascular  changes,  especially  in  cases  of  marked  obstruc- 
tion. Sound  arteries  and  sound  veins  of  larger  size,  on  the  other  hand, 
cannot  be  dilated  to  the  point  of  rux)ture  by  the  mere  rise  of  blood-press- 
ure; diseased  or  abnormally  thin-walled  arteries,  how^ever,  may  burst. 
New-formed  vessels  are  very  fragile. 

Diapedesis  follows  upon  rise  of  pressure  in  the  capillaries  and  veins, 
as  well  as  upon  increased permeahility  of  the  vessel-ivalls.  If  the  outflow 
of  venous  blood  in  a  given  vascular  area  is  totally  interrupted,  diapede- 
sis of  the  red  blood-corpuscles  from  the  involved  capillaries  and  veins 
starts  up  then  and  there ;  this  is  to  be  regarded  as  the  result  of  the  local 
increase  in  intravascular  pressure.  The  exodus  of  blood-corpuscles 
through  vascular  degeneration  occurs  particularly  after  mechanical, 
chemical,  and  thermal  lesions  of  the  vessel-walls,  and  we  may  suppose 
that  certain  poisons  affect  the  vessel-walls  with  especial  virulence.  An 
abnormal  permeability  of  the  vessel-walls  may,  furthermore,  be  observed 
when,  for  a  long  period,  the  vessels  have  not  been  traversed  by  the 
blood-stream,  and  have  suffered  in  their  nutrition  in  consequence. 

When  an  individual  manifests  a  tendency  to  hemorrhage,  the  condi- 
tion is  called  one  of  hemorrhagic  diathesis,  of  which  we  recognize  a 
congenital  and  an  acquired  form. 

The  congenital  hemorrhagic  diathesis  or  congenital  haemophilia, 

^  Cf.  Cohnheim,  "Allgemeine  Pathologie,"  I.  Th.,  and  Yirchow's  Arch.,  41.  Bd. 
'^  Sitzung sher.  d.  Wiener  Akad ende,  1868,  57.  Bd. 
^  Virchow's  Arch.,  58.,  62.,  and  64.  Bd. 
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jvhich,  as  stated  in  §§  31  and  32,  belongs  to  the  hereditary  diseases, 
probably  has  its  cause  in  an  abnormal  constitution  of  the  vascular 
walls,  though  the  constitution  of  the  blood,  withal,  may  not  be  normal, 
and,  in  consequence  of  this  condition,  it  may  not  be  possible  to  arrest, 
through  a  process  of  coagulation,  a  bleeding  after  it  has  once  begun. 

An  acquired  hemorrhagic  diathesis  attends  those  diseases  known  as 
scurvy,  morbus  maculosus  Werlholfii,  purpura  simplex,  puri)ura  fpeli- 
osis)  rheumatica,  purpura  hsemorrhagica,  luemophilia,  and  melsena  neo- 
natorum, and  Moeller's  or  Barlow's  disease  (infantile  scurvy),  and  fur- 
thermore plays  a  part  in  many  infectious  diseases  and  intoxications — 
e.g.,  septicsemia,  endocarditis,  malignant  pustule,  spotted  typhus,  chol- 
era, small-pox,  the  plague,  acute  yellow  atrophy  of  the  liver,  yellow  fever, 
nephritis,  phosphorus-poisoning,  snake-bite,  etc. — and  also,  finally,  in 
pernicious  anaemia,  leucocythsemia,  and  pseudo-leucocythaemia.  The 
cause  of  the  diseases  named  in  the  first  grouj) — in  all  of  which  the  occur- 
rence of  hemorrhages  in  the  skin,  as  well  as  in  the  mucous  membranes, 
and  in  the  parenchyma  of  other  organs  and  tissues,'  constitutes  a  promi- 
nent symptom — is  ordinarily  supposed  to  lie  in  a  general  disturbance  of 
nutrition  and  circulation,  although  observations  of  the  last  few  years 
make  it  probable  that  at  least  a  great  i^roportion  of  them  belong  to  the 
class  of  infectious  diseases.  W.  Koch  is  of  the  opinion  that  scurvy  is  an 
infectious  disease,  and  that  purpura  in  its  many  forms,  and  erythema 
nodosum,  and  the  hemorrhages  occurring  in  the  new-born,  are  varieties 
of  the  same  infection.  In  the  last  few  years  bacteria  have  frequently 
been  found  in  these  latter  affections  also — that  is,  in  purpura  hsemor- 
rhagica  and  also  in  hsemophilia  neonatorum.  In  this  connection  we 
must  refer  particularly  to  the  investigations  of  Kolb,  Babes,  Gärtner, 
Tizzoni,  and  Giovannini,  wdio  have  found  in  those  suffering  from  these 
diseases  bacilli  which  were  also  pathogenic  for  the  lower  animals,  and 
when  injected  produced  an  affection  characterized  by  hemorrhages. 
With  these  diseases  those  other  infections  wdiich  are  characterized  by 
hemorrhages  are  probably  connected,  and  it  is  to  be  supi:)Osed  that  the 
bleeding  is  produced  partly  by  local  changes  in  the  icalls  of  the  vessels, 
caused  by  localized  groiuths  of  bacteria,  partly  by  the  injui^ious  influence 
of  toxic  substances  produced  by  the  bacteria  themselves.  In  this  case  they 
should  in  part  be  reckoned  among  the  hemorrhages  of  intoxication. 

The  hemorrhages  occurring  in  conditions  of  anaemia  are  to  be  re- 
garded as  a  consequence  of  anaemic  degeneration  of  the  vessels,  though 
partly  also  as  a  result  of  disturbances  of  the  circulation. 

A  whole  list,  finally,  of  apparently  spontaneous  hemorrhages  is  con- 
nected with  irritation  or  j^ccralysis  of  the  vaso-motor  nerves,  arising  either 
from  the  central  nervous  system,  or  by  reflex  action,  or  through  lesion 
of  the  conducting  nerve-fibres.  Here  belong  the  hemorrhage  of  men- 
struation, many  forms  of  nasal,  intestinal,  and  bladder  hemorrhage; 
furthermore,  bleeding  from  the  conjunctiva,  from  the  skin  (stigmatiza- 
tion),  from  healthy  kidneys,  from  the  breasts,  from  hemorrhoids,  from 
wounds,  etc.  Here  also  are  to  be  reckoned  a  portion  of  those  pulmo- 
nary hemorrhages  which  follow  upon  severe  cerebral  lesions,  though  in 
a  particular  case  a  trustworthy  judgment  often  cannot  be  given,  because 
disturbances  of  respiration,  as  also  the  aspiration  of  irritating  substances 
into  the  lungs,  may  likewise  lead  to  hypergemia  and  to  the  escape  of 

^  In  Barlow's  disease,  which  in  children  of  from  one  and  a  half  to  two  years  of  age 
often  develops  in  connection  with  rachitis,  the  hemorrhages  are  found  to  have  taken 
place  between  the  periosteum  and  the  bone. 
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blood  in  the  lungs.  Lastly,  there  occur  in  brain  disease— particularly 
in  disease  of  the  crura  cerebri— gastric  and  intestinal  hemorrhages  which 
are  dependent  upon  the  cerebral  lesion.  According  to  von  Preuschen, 
the  gastric  and  intestinal  hemorrhages  occurring  during  the  first  daj's 
of  life,  and  known  as  melaena  neonatorum,  belong  to  this  category,  inas- 
much as  during  labor  hemorrhages  and  ecchymoses  are  not  infrequently 
produced  in  the  brain,  in  consequence  of  which  the  intestinal  hemor- 
rhages follow.  By  others,  on  the  contrary  (Gärtner)  ^  melsena  neonato- 
rum is  classed  among  the  infectious  diseases. 

Hemorrhages  per  rhexin  ceaäe  as  soon  as  the  pressure  upon  the  out- 
side of  the  bleeding  vessel  becomes  as  great  as  the  intravascular  press- 
ure, or  as  soon  as  the  narrowing  of  the  vessel  and  the  processes  of  coag- 
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Fig.  29.— Part  of  the  edge  of  an  anaemic  infarct  of  the  kidney.  (Müller's  fluid :  hsematoxylin ;  eosin.) 
a,  Normal  uriniferous  tubules  in  a  normal  stroma  ;  ax  normal  uriniferous  tubules  in  a  stroma  infiltrated  ^vitll 
cells ;  b,  normal  glomerulus ;  c,  necrotic  tissue  without  nuclei,  with  granular  coagula  in  the  tubules ;  f7, 
necrotic  glomerulus,  swoUen  and  with  few  nuclei ;  e,  uriniferous  tubules  without  nuclei,  in  a  stroma  with 
nuclei  still  persisting ;  /,  necrotic  tissue  with  ceUular,  and,  g,  with  hemorrhagic  infiltration.  Magnified  50 
diameters. 

ulation  and  of  thrombus-formation  effect  a  closure  of  the  rupture.  In 
the  case  of  liemorrliage  by  diapedesis  the  bleeding  will  cease  when  blood 
is  no  longer  supplied  to  the  vessel  which  bleeds,  when  the  abnormal  in- 
travascular blood-pressure  is  withdrawn,  and  when  the  vessel-wall  is 
restored  to  a  normal  state. 

§  47.  Wheu  an  artery  is  suddenly  closed  by  thrombosis,  or  by  em- 
bolism, or  by  ligation,  or  by  any  other  means,  there  occurs  beyond  the 
obstructed  point,  as  has  already  been  stated  in  §  39,  an  arrest  of  the 
circulation,  after  the  vessel  has  more  or  less  emptied  itself  b}^  the  con- 
traction of  its  walls ;  while  from  the  point  of  obstruction  back  to  the 
point  of  divergence  of  the  nearest  arterial  branch  the  blood-pressure  in- 
creases. If  the  branches  of  the  artery  beyond  the  point  of  obstruction 
have  free  arterial  communication  with  some  other  unobstructed  artery, 
this  latter  by  becoming  dilated  is  able  to  carry  a  supply  of  blood  suffi- 
9 
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cient  for  the  area  of  distribution  of  the  obstructed  vessel,  and  the  ar- 
rested circulation  is  thus  restored. 

If  the  obstructed  area  has  no  vascular  connections  through  which  it 
can  draw  its  blood-supply,  that  portion  of  tissue  which  is  thus  deprived 
of  its  nutrition  remains  empty  of  blood  and  dies;  thus  there  is  formed 
an  anaemic  infarct.  Parenchymatous  organs,  such  as  the  spleen  and 
the  kidneys,  in  those  portions  which  are  deprived  of  blood,  apjjear 
cloudy,  opaque,  yellowish-white,  often  clay-colored,  and  the  microscope 
shows  that  the  tissues  are  dead,  and  that  therefore  the  nuclei  of  the  cells 
(Fig.  29,  c,  d,  e,  f,  g)  no  longer  take  the  stain. 

If  the  area  of  distribution  of  the  obstructed  vessel  has  no  aiierial 
anastomosis,  if  the  obstructed  vessel  is  a  terminal  artery,  but  if  there 
remains,  on  the  other  hand,  the  possibility  of  a  scanty  afflux  of  blood 
from  adjacent  capillaries  or  from  the  veins,  a  hemorrhagic  infarct  may 
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Fig.  30.— Part  of  the  edge  of  a  recent  hemorrhagic  infarct  of  the  lung.  (Miiller's  fluid :  haematoxylin ; 
eosin.)  a,  Interalveolar  septa  without  nuclei,  containing  capillaries  gorged  with  thrombotic  masses,  homo 
geneous  in  appearance  and  deep-bluish  violet  in  color;  />,  septa  containing  nuclei:  c.  a  vein  with  a  red 
thrombus ;  d,  alveoli  completely  fllled  with  clotted  blood ;  e,  alveoli  filled  with  serous  fluid,  fibrin,  and  leuco- 
cytes.   Magnified  100  diameters. 

be  formed.  The  capillaries  of  the  region  rendered  anaemic  by  the  ob- 
struction become  slowly  filled  once  more  with  blood,  which  comes  in 
part  from  ca]3illaries  belonging  to  the  domain  of  adjacent  vessels,  in  part 
from  the  veins,  from  whence  the  blood  flows  in  a  retrograde  direction. 
The  blood  flowing  in  from  the  adjacent  capillaries  is  under  very  low 
pressure,  which  does  not  sufiice  to  drive  the  blood  promptly  through 
the  obstructed  area  into  the  veins.  When  the  relative  pressures  be- 
come such  that  a  retrograde  current  sets  in  from  the  veins  into  the  capil- 
laries, a  restoration  of  the  normal  circulation  becomes,  at  once,  entirely 
out  of  the  question. 

Unless,  by  a  speedy  adjustment  of  the  conditions  of  pressure 
throughout  the  vascular  system,  a  normal  flow  of  blood  is  promptly 
reestablished  through  the  obstructed  area,  the  imperfect  circulation 
(which  by  the  progress  of  coagulation  in  the  veins  [Fig.  30,  c\  and 
capillaries  [a]  will  eventuate  in  complete  arrest  of  the  blood-current) 
leads  sooner  or  later  to  degeneration,  and  even  to  necrosis  of  the  vessel 
walls,  and  thus  to  their  exaggerated  permeahility.     As  a  result  of  this,  if 
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the  afflux  of  blood  is  continued,  diapedesis  of  the  red  hlood-coiyuscles  be- 
gins in  the  obstructed  area,  and  goes  on  to  infiltration  of  the  tissue  with 
extravasated  blood-corpuscles,  whereby  the  affected  area  takes  on  a 
dark-red  color  and  acquires  a  firmer  consistency', — in  short,  there  is 
formed  a  hemorrhagic  infarct. 

EniboUc  hemorrhagic  infarcfs  Siie  to  be  found  iti  the  luncjs  (Fig.  30), 
but  they  are  formed,  after  the  embolic  obstruction  of  an  artery,  only 
ivhen  there  is  a  tendency  to  stagnation  of  the  pulmonary  circidation  :  while 
with  a  normal  pulmonary'  circulation  such  circulatory  disturbances  as 
follow  upon  embolism  are  generally  promptly  allayed.  In  the  corpo- 
real circulation  extensive  hemorrhages  from  embolism  are  confined, 
almost  exclusively,  to  the  territory  of  the  superior  mesenteric  artery, 
whose  branches,  although  they  are  not  terminal  vessels,  yet  possess  but 
few  anastomoses.  Ancemic  infarcts  occur  particularly  in  the  spleen,  in 
the  heart  J  in  the  kidneys,  and  in  the  retina,  though  hemorrhage  is  found 
in  these  also,  along  the  ])orders  of  the  obstructed  region,  so  that  the 
bloodless  foci  have  a  hemorrhagic  border  surrounding  them,  or  at  least 
present  hemorrhagic  spots  (Fig.  29,  g).  The  necrotic  tissue,  further- 
more, becomes  saturated  with  fluid,  and  may  then  swell  (Fig.  29,  d)  and 
present  granular  or  fibrous  coagula  in  its  interstices  (Fig.  29,  c).  In 
case  of  the  obstruction  of  arteries  of  the  brain,  or  of  those  of  the  extrem- 
ities, or  of  the  central  artery  of  the  retina,  hemorrhages  may  also  occur 
in  spots.  In  the  interior  of  the  infarct  the  tissues  are  generally  wholly 
or  in  greater  part  dead,  and  it  is  especially  the  specific  elements  of  the 
affected  organ  (Fig.  29,  c,  d)  which  are  the  first  to  die.  After  a  time 
exudative  inflammation  arises  in  the  neighborhood  of  ischaemic  and  of 
hemorrhagic  infarcts,  with  the  formation  of  a  cellular  (Fig.  29,  /)  or 
fibro-cellular  exudate  (Fig.  30,  e) ;  and  this  is  followed  by  tissue-prolif- 
eration, by  means  of  which  the  dead  tissue,  with  its  hemorrhagic  infil- 
tration, becomes  absorbed,  and  its  place  is  taken  by  connective  tissue. 
(Compare  Part  II.  of  Chapter  YI. ) 

In  his  publishecl  works  Yirchow,  who  was  the  first  to  institute  any  profound  experi- 
mental researches  into  the  matter  of  thrombosis  and  embolism,  left  the  question  of  the 
origin  of  the  hemorrhagic  infarct  still  open,  but  he  expresses  the  opinion  that  in  the  area 
of  distribution  of  the  obstructed  artery  the  vascular  walls  suffer  certain  alterations 
which  render  them  more  fragile  and  permeable.  If  a  collateral  circulation  afterward 
becomes  established,  this  secondary  hyperemia  causes  exudation  and  extravasation. 
Cohnheim,  who  observed  directly  under  the  microscope  the  results  of  embolism  in  the 
frog's  tongue,  demonstrated  the  retrograde  flow  of  the  blood  in  the  veins,  the  refilling  of 
the  capillaries,  and  the  escape  of  the  blood  by  diapedesis.  The  cause  of  the  diapedesis 
he  thought  was  essentially  the  disorganization  of  the  vascular  wall  due  to  the  anaemia. 
Litten  considers  the  reflux  of  the  blood  from  the  veins  to  be  but  an  unessential  part  of 
the  phenomenon,  and  ascribes  the  refilling  of  the  exsanguinated  area  to  the  pouring  in 
of  blood  from  the  neighboring  vascular  fields.  The  disorganization  of  the  vessel-walls 
he  thinks  also  unnecessary  for  the  production  of  infarction,  inasmuch  as  the  stagnation 
suf&ces  of  itself,  just  as  in  venous  obstruction,  to  explain  the  diapedesis.  The  diapedesis 
is  therefore  increased  whenever  in  such  foci  the  blood  coagulates  in  the  efferent  veins. 

Von  Recklinghausen  considers  the  principal  cause  of  the  formation  of  a  hemor- 
rhagic infarct  tobe  the  hyaline  thrombosis  of  the  capillary  vessels  of  the  region  involved 
by  the  embolism.  If  subsequently  blood  from  neighboring  vessels  enters  the  still  per- 
vious portions  of  the  implicated  territory,  it  encounters  resistance,  becomes  stagnant, 
and  then  escapes  from  the  vessels.  According  to  Klebs,i  emboli  thrown  into  the  cir- 
culation of  the  lower  animals  cause  infarction  only  when  blood  rich  in  ferment  is  thrown 
in  after  the  embolus,  or  else  when  substances  provoking  coagulation  become  dissemi- 
nated through  the  obstructing  plug. 

Grawitz  is  of  the  opinion  that  hemorrhagic  infarcts  of  the  lungs  are  never  to  be 
ascribed  to  vascular  obstruction  by  embolism,  but  rather  that  stagnation  and  pulmonary 

^  Schweizer  Arch.  f.  Thierheilk.,  Bd.  28,  1886. 
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inflammation  are  to  be  regarded  as  the  cause  of  the  hemorrhages.  There  is  no  room, 
however,  to  doubt  the  existence  of  embolic  pulmonary  infarcts.  They  can  occur,  it  is 
true,  only  when  there  is  a  tendency  to  stagnation  in  the  lungs,  and  therefore,  in  animals 
with  unimpaired  pulmonary  circulation,  they  are  not  to  be  provoked  by  the  introduction 
of  obstructing  particles  into  the  pulmonary  arteries.  The  essential  causes  of  the  escape 
of  the  blood  are  to  be  found  in  the  stagnation  of  the  blood  within  the  obstructed  area, 
and  in  the  necrosis  of  the  tissues  as  well  as  of  the  vessels  themselves.  This  last  may  be 
positively  recognized  in  the  disappearance  of  the  nuclei  (Fig.  30,  a).  Secondary  throm- 
boses in  the  vessels  within  the  area  of  obstruction  (Fig.  30,  c)  are  frequent,  and  increase, 
the  extent  of  stagnation  and  of  extravasation  ;  they  are  not,  however,  invariably  present 
at  the  time  of  the  extravasation,  and  are  therefore  not  essential  to  the  occurrence  of  the 
hemorrhage.  When  conditions  of  stagnation  and  inflammation  exist  in  the  lungs 
copious  hemorrhages  often  occur,  and  these — if  limited  to  distinctly  circumscribed  areas 
— would  present  a  very  close  resemblance  to  embolic  infarcts.  They  are  generally,  how- 
ever, less  sharply  defined  and  less  firm,  so  that  they  are  for  the  most  part  easily  distin- 
guishable from  embolic  infarcts. 


VI.   Lymphorrhagia. 

§  48.  Lymphorrhagia  occurs  wlien  the  continuity  of  a  lymphatic 
vessel  becomes  interrupted  at  a  certain  point  and  the  lymph  is  j)oured 
out  into  the  surrounding  parts.  As  the  pressure  in  the  lymphatics  is 
very  low — that  is,  is  not  greater  than  in  the  surrounding  tissues — it  fol- 
lows that  lymph  can  be  poured  out  from  a  lymx)hatic  only  when  the 
affected  vessel  lies  on  the  external  surface,  or  when  a  natural  cavity  is 
at  hand  into  which  the  lymph  can  flow,  or  when,  b}'  the  same  cause 
which  effected  the  breach  in  the  lymph-vessel,  an  open  space  was 
formed  in  the  tissues.  So,  for  examj^le,  in  wounds  we  may  see  lymph 
escaping  along  with  the  blood,  but  the  outflow  is  checked  upon  the  least 
counterpressure.  If  after  the  wounding  of  a  lymphatic  vessel  the  aper- 
ture i)ersists,  so  that  there  is  a  permanent  flow  of  lymi:)h  escaping  exter- 
nally (as  in  ulcers)  or  into  one  of  the  cavities  of  the  body,  we  have  a  so- 
called  Iymph=fistula,  through  which  considerable  quantities  of  lymph 
may  become  lost.  Most  important  and  also  most  dangerous  is  a  division 
of  the  ductus  thoracicus,  observed  sometimes  after  traumatism,  and  occa- 
sionally also  as  the  result  of  obstruction  to  the  lymph-flow  at  some  point 
through  compression  of  the  duct  (after  inflammation,  or  in  the  course  of 
the  development  of  tumors) .  The  h^mph  is  poured  out  into  the  thoracic 
or  the  abdominal  cavity,  and  a  chylous  hydrothorax,  or  a  chylous  ascites^ 
or,  in  very  rare  cases,  a  chylo^^ericardium  ensues. 

In  very  rare  cases  it  happens  that  the  urine,  as  it  comes  from  the  bladder,  has  the 
appearance  of  a  milk-white,  or  a  yellowish,  or,  tlirough  the  admixture  of  blood,  a  red- 
dish emulsion,  and  contains,  along  with  albumin,  large  quantities  of  fat  subdivided 
into  very  minute  globules.  The  phenomenon  is  consequently  known  as  chyluria.  It 
occurs  endemically  in  certain  tropical  regions  (Brazil,  India,  the  Antilles,  Zanzibar, 
Egypt),  where  it  is  caused  by  a  parasite,  the  Filaria  Bancroftii,  which  inhabits  the  ab- 
dominal lymph-vessels  and  there  produces  its  embryos  {Filaria  sanguinis)  ;  these,  during 
the  repose  of  the  patient  in  the  horizontal  posture,  swarm  in  great  numbers  in  the  blood 
and  are  also  contained  in  the  chylous  urine.  The  connection  between  the  chyluria  and 
the  invasion  of  the  lymph-vessels  by  the  filaria  has  not  jet  been  satisfactorily  demon- 
strated by  anatomical  investigations  ;  it  is  nevertheless  probable  that,  on  account  of  the 
obstruction  which  occurs  in  the  lymph-circulation,  chyle  escapes  from  the  ruptured 
lymphatics  of  the  bladder  and  mingles  with  the  urine,  so  that  the  chyle-like  fltiid  does 
not  come  from  the  blood  and  through  the  kidneys  (Scheube,  Grimm)  ;  and  in  corrobora- 
tion of  this  view  we  may  mention  the  facts,  first,  that  upon  autopsy  the  abdominal 
lymphatics  exhibit  marked  dilatation  (Havelbm-g),  while  the  kidneys  are  btit  slightly 
altered,  and  second,  that,  according  to  an  observation  of  Havelbm'g's,  the  lu'ine  coming 
directly  from  the  ureter  showed  no  admixture  of  chyle,  although  chyliu'ia  was  present  at 
the  time. 


CHAPTER  IV. 

Retrograde  Disturbances   of  Nutrition    and    Infiltra- 
tions  of  the  Tissues. 

I.  On  Retrograde  Disturbances  of  Nutrition  and  Infiltrations  of  the 

Tissues  in  General. 

§  49.  Retrograde  disturbances  are  cliaracterized  in  general  by  degen- 
eration of  the  affected  tissue,  often  with  diminution  in  its  size  as  a  whole 
and  disappearance  of  its  elements.  Accompanying  this  there  is  disturb' 
ance  of  the  function  of  the  tissue. 

infiltrations  of  the  tissues  are  characterized,  on  the  other  hand,  by 
a  deposit  in  therri  of  poiholocjical  substances  which  are  either  formed  in  the 
body  itself  or  have  been  introduced  into  it  from  without.  In  this  case, 
also,  the  function  of  the  tissue  is  usually  interfered  loith.  The  infiltration 
is  often  only  a  result  of  joreceding  degenerative  changes,  or,  on  the  other 
hand,  it  may  itself  represent  the  'principal  manifestation  of  this  degeyieration. 

Eetrograde  disturbances  of  nutrition  may  affect  the  body  in  its  com- 
pletely developed  form  or  during  its  period  of  development  and  growth, 
and  in  either  case  they  lead  to  an  abnormal  smallness  of  the  affected 
organ  or  portion  of  the  body.  In  the  former  case  this  diminution  in 
size  depends  upon  disappearance  of  the  fundamental  elements  of  the 
affected  tissue,  and  is  designated  atrophy.  In  the  latter  case,  on  the 
other  hand,  it  depends  upon  an  imperfect  development  of  the  affected 
organ,  shown  by  a  more  or  less  rudimentary  condition  of  its  elements. 
If  in  this  way  an  organ  or  portion  of  an  organ  entirely  fails  of  develop- 
ment, so  that  it  is  either  completely  absent  or  at  most  onlj*  a  mere  rudi- 
ment of  it  is  present,  the  condition  is  spoken  of  as  agenesia  or  aplasia. 
But  if  the  affected  portion  of  the  hodj  is  only  moderately  below  the 
norm  in  its  development,  the  condition  is  spoken  of  as  hypoplasia. 

The  causes  of  agenesia  and  of  hypoplasia  may  be  either  intrinsic  or 
extrinsic — that  is  to  say,  the  diminished  size  and  imperfect  formation 
of  the  organ  may  depend  on  pathological  conditions  within  itself,  or 
they  may  be  the  result  of  the  action  of  injurious  external  influences. 
The  maldevelopment  ma}^  further  affect  either  the  entire  body,  in  which 
case  a  dwarf  results,  or  it  may  affect  a  portion  of  it  only,  giving  rise 
then  to  imp) erf ect  formation  of  single  p)arts  or  organs. 

The  causes  of  degeneration  of  tissue  and  of  the  resulting  atrophy- 
are  for  the  most  part  injurious  extrinsic  influences  to  which  the  tissue  is 
exposed  during  life,  and  yet  at  times  they  may  also  be  traced  to  intrinsic 
conditions.  This  latter  is  notably  the  case  wdth  the  tissues  during  old 
age,  when  they  are  reaching  their  physiological  limit  and  are  gradually 
becoming  incapable  of  properly  nourishing  and  preserving  themselves. 
In  many  tissues  a  similar  retrograde  change,  dependent  upon  intrinsic 
causes,  occurs  earlier  in  life,  as,  for  example,  physiologically  in  the 
ovary  and  in  the  thymus  gland. 


IttO  RETROGRADE    DISTURBANCES    OF   NUTRITION. 

Among  the  extrinsic  liarmful  influences  which  may  lead  to  degenera- 
tions, nearly  all  those  should  be  mentioned  which  have  been  discussed 
in  Chapter  II.  Thus  an  important  part  is  played  by  disturbances  of  the 
circulation,  with  im^Derfect  transport  of  oxygen  and  nutriment  to  the  tis- 
sues, and  by  poisons,  usually  degenerations  are  of  Urnifed  extent,  so 
that  one  speaks  of  degenerations  of  special  tissues  or  of  particular 
organs ;  but,  on  the  other  hand,  disturbances  of  nutrition  may  be 
more  general  and  the  entire  organism  may  suffer.  Thus  the  picture  of 
a  general  disease  may  be  produced  by  a  degenerative  or  atrophic  condi- 
tion of  the  blood,  which  may  show  itself  by  a  diminution  either  of  the  red 
blood-corpuscles  or  of  their  liBemoglobin  content,  whereby  a  permanent 
condition  of  general  anaemia  or  insufficient  blood=supply  is  induced, 
the  nutrition  of  the  tissue  being  correspondingly  impaired. 

Again,  as  the  result  of  an  insufficient  ingestion  of  food  or  of  disor- 
dered assimilation  on  the  one  hand,  and  of  excessive  waste  of  proteids 
and  fats  of  the  body  on  the  other,  there  may  result  a  condition  of  weak- 
ness and  malnutrition,  often  associated  with  anaemia,  leading  to  atrophy 
of  the  body  as  a  whole.  This  is  spoken  of  as  cachexia  or  marasmus. 
If,  under  these  circumstances,  it  appears  likely  that  certain  substances 
are  undergoing  formation  in  the  body  which,  when  taken  into  the  blood 
and  various  fluids,  act  as  impurities  and  alter  the  constitution  of  those 
fluids,  the  condition  is  spoken  of  as  one  of  dyscrasia. 


II.   Death. 

§  50.  All  life  comes  sooner  or  later  to  an  end — to  death.  When  this 
occurs  at  an  advanced  age,  without  preceding  well-defined  symptoms  of 
disease,  it  maj  be  regarded  as  the  normal  termination  of  life,  and  is  to 
be  attributed,  at  least  in  part,  to  the  cessation  of  function  of  certain  of 
the  organs  necessary  to  the  continuance  of  life.  This  occurs  usually  as 
the  result  of  intrinsic  causes,  although  in  most  cases  it  is  impossible  to 
exclude  the  influence  of  extrinsic  conditions  in  bringiug  about  the  cessa- 
tion of  function  of  the  organs  in  question. 

When  death  occurs  early  in  life — that  is  to  say,  at  an  age  earlier 
than  the  average  age  of  death  in  man — and  when  it  is  preceded  by  symp- 
toms of  disease,  it  must  be  consklered  abnormal.  Its  occuim^ence  under 
these  circumstances  is  for  the  most  part  referable  to  extrinsic  influences, 
though  it  may  occasionally  be  due  to  intrinsic  inherited  conditions.  It 
is  obviously  impossible  to  draw  any  shar^D  line  of  separation  between 
what  may  be  called  physiological  and  pathological  death. 

The  causes  of  pathological  death  are  those  which  have  been  discussed 
in  Chapter  II.  as  the  causes  of  disease. 

A  body  is  said  to  be  dead  when  all  of  its  functions  have  forever  ceased. 
Death  is,  however,  inevitable  at  that  instant  when  one  or  more  of  the 
functions  imperatively  necessary  to  life  have  ceased,  although  it  is  not 
necessary  that  at  that  moment  cdl  functions  shall  have  ceased.  Indeed, 
after  life  is  irrevocably  lost,  many  organs  are  still  capable  of  performing 
their  function,  and  it  is  only  after  a  little  time  that  all  the  organs  die. 
Thus  the  life  of  the  organism  passes  gradually,  by  the  progressive  ces- 
sation of  the  functions  of  its  various  organs,  into  the  state  which  we 
term  death. 

The  discontinuance  of  the  functions  of  the  heart,  of  the  lungs,  and 
of  the    nervous   system    results  in  an  immediate  death  of  the  entire 
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organism.  Discontinuance  of  tlie  functions  of  the  intestine,  of  the  liver, 
and  of  the  kidneys  renders  life  impossible  after  a  certain  length  of  time, 
often  measured  bv  days.  Destruction  of  the  organs  of  reproduction  in 
no  wise  endangers  either  the  health  or  the  life  of  the  affected  individual, 
and,  similarly,  one  or  more  of  the  organs  of  special  sense  may  be 
spared. 

Death  is  usually  inevitable  after  cessation  of  respiration,  and  certain 
after  cessation  of  the  heart-beat.  With  discontinuance  of  breathing  it 
is  impossible  for  any  organ  to  continue  alive  longer  than  a  very  short 
time.  The  stoppage  of  the  heart  similarly  makes  impossible  any  fur- 
ther nourishment  of  the  tissues,  and  the  central  nervous  system  quickly 
becomes  unable  to  continue  the  performance  of  its  functions. 

After  death  the  body  may  present  considerable  diversity  of  appear- 
ance. The  distribution  of  the  blood  at  the  time  of  death  has  much  to 
do  with  the  aspect  of  its  visible  portions.  Thus  an  abundant  supply 
of  blood  in  the  skin  causes  it  to  have  a  bluish-red  color,  while  if  anaemic 
it  is  pale.  Furthermore,  disease  may  materially  alter  the  appearance 
of  the  exterior  of  the  body. 

Sooner  or  later  after  death  certain  changes  occur  in  the  tissues  of  the 
body  which  may  be  regarded  as  unquestionable  signs  of  death.  In  the 
first  place,  the  temperature  of  the  Ixxlij  falls,  so  that  after  a  variable  inter- 
val it  reaches  the  temperature  of  the  surrounding  air.  It  should,  how- 
ever, be  borne  in  mind  that  the  temperature  at  times  does  not  begin  to 
sink  immediately  after  death,  but  first  rises  somewhat.  The  rapidity 
of  the  cooling  of  the  body  depends  partly  upon  the  character  of  the 
body  itself  and  partly  uj^on  the  nature  of  its  surroundings.  The  time 
required  may  vary  from  one  to  twenty-four  hours. 

The  coldness  of  the  dead  is  spoken  of  as  algor  mortis. 

At  the  time  of  death  the  skin  is  usually  pale,  but  after  a  variable 
period — from  six  to  twelve  hours,  or  even  less — bluish-red  blotches 
appear  on  the  dependent  portions  of  the  body.  These  are  designated 
livores  mortis  or  blotches  of  cadaveric  lividity,  and  depend  upon  the  accu- 
mulation of  the  blood  in  the  cai)illaries  and  veins  of  the  more  dependent 
portions  of  the  skin.  They  are  not  observed  in  those  parts  of  the  body 
-Vj^hich  are  subjected  to  pressure.  Their  number  and  size  depend  upon 
the  amount  of  blood  in  the  skin  at  the"  time  of  death.  Parts  which  have 
been  cyanotic  in  life  may  retain  this  appearance  after  death ;  this  is  par- 
ticularly the  case  with  the  head,  the  fingers,  and  the  toes.  The  color  of 
these  blotches  of  cadaveric  lividity  is  for  the  most  part  bluish-red,  and 
there  may  be  considerable  difference  in  the  intensity  of  their  coloring. 
In  cases  of  poisoning  by  carbon  monoxide  it  is  bright  red. 

The  weight  of  the  body  causes  flattening  of  those  muscular  parts  of 
the  body  upon  which  it  rests. 

Sooner  or  later  there  occurs  a  cadaveric  stiffening  of  the  muscles,  to 
which  the  term  rigor  mortis  is  applied.  This  is  characterized  by  contrac- 
tion of  the  muscles,  which,  according  to  Bruecke  and  Kuehne,  is  depen- 
dent upon  the  coagulation  of  their  contractile  substance.  It  makes  its 
appearance  usually  in  from  four  to  twelve  hours  after  death,  though  it 
may  occur  almost  immediately  thereafter,  or  may  not  appear  until 
twenty-four  hours  have  elapsed.  It  usually  is  first  noticed  in  the  mus- 
cles of  the  jaw,  throat,  and  neck,  and  extends  from  them  to  the  trunk 
and  extremities.  After  from  twenty-four  to  forty-eight  hours  it  usually 
disappears,  but  may  occasionally  persist  for  several  days. 

This  rigor  mortis  affects  the  smooth  muscle-fibres  as  well  as  the 
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striated.  The  contraction  of  these  elements  in  the  skin  is  the  cause  of 
the  so-cailed  goose-flesh  of  the  cadaver. 

Fidrefaction  begins  somewhat  before  the  disappearance  of  rigor  mor- 
tis. It  is  evinced  by  its  peculiar  odor,  b}^  change  in  color  of  the  skin 
and  of  the  mucous  membranes,  and  by  change  in  the  consistence  of  the 
tissues.  Much  influence  upon  the  commencement  and  progress  of  putre- 
faction is  exerted  by  the  condition  of  nutrition  of  the  body,  b}-  the 
nature  of  the  disease  which  has  preceded  death,  and  by  the  nature  of 
the  surrounding  medium,  especially  the  temperature.  Occasionalh' 
putrefactive  changes  occur  in  portions  of  the  body  which  are  dead  even 
before  the  death  of  the  entire  body ;  and  in  cases  in  which  putrefactive 
bacteria  are  present  in  the  body  at  the  time  of  death  putrefaction  may 
begin  immediately  thereafter. 

As  an  early  sign  of  putrefaction  there  is  usualh^  greenish  discolora- 
tion of  the  skin,  commonly  appearing  first  over  the  abdomen.  With  the 
progress  of  putrefaction  the  unj^leasant  odor  and  discoloration  increase, 
and  gases  are  formed  in  the  intestine,  in  the  blood,  and  in  the  tissues, 
which  at  the  same  time  become  soft  and  friable. 

Shortly  after  death  the  cornea  becomes  lustreless  and  clouded^  the  eye- 
ball loses  its  23roininence,  and  dark  spots  after  a  time  develo]:)  in  the  sclera. 
These  changes  in  the  eye  are  due  to  evaporation  and  putrefaction. 
When  the  e3'elids  are  not  closed  the  results  of  drying  are  very  evident  in 
the  uncovered  portions  of  the  eyeball.  Wherever  the  skin  has  lost  its  epi- 
dermis the  exposed  tissues  become  dried. 

Under  certain  circumstances  the  evidence  of  life  may  be  reduced  to  a  minimum, 
and  a  condition  of  apparent  death  may  result  which  may  be  mistaken  for  death.  Post- 
mortem lividity,  rigor  mortis,  and  evidences  of  putrefaction  are  unmistakable  signs  of 
death ;  but,  since  these  changes  do  not  appear  until  some  time  after  death,  an  interval 
is  left  during  which  it  may  occasionally  be  doubtful  whether  death  has  actually  taken 
place  or  not.  To  ascertain  the  truth  with  certainty  under  these  circumstances  it  must 
be  determined  by  an  appropriate  examination  whether  the  heart  still  beats,  whether 
respiration  is  going  on,  whether  the  blood  still  circulates,  and  whether  the  nerves  and 
muscles  still  remain  irritable. 

This  condition  of  apparent  death  may  occur  under  a  variety  of  circumstances,  as, 
for  example,  in  the  course  of  cholera,  in  catalepsy,  in  hysteria,  after  gi-eat  bodily  exer- 
tion, after  violent  concussion  of  the  nervous  system,  after  profuse  hemorrhage,  when 
respiration  is  suspended  as  the  result  of  strangulation,  hanging  or  drowning,  in  certain 
cases  of  poisoning,  in  lightning-stroke,  after  prolonged  exposui'e  to  cold,  etc.  The  duration 
of  this  condition  is  usually  short,  but  it  may  occasionally  persist  for  hours  or  even  days. 


III.  Necrosis. 

§  51.  By  necrosis  is  understood  a  condition  of  local  death,  or  death 
of  single  cells  and  groups  of  cells.  As  the  result  of  necrosis  there  is 
always  a  permanent  cessation  of  the  functions  peculiar  to  the  affected 
tissue. 

It  is  only  occasionally  that  the  necrosis  of  a  cell-group  or  of  an  entire 
organ  makes  itself  at  once  evident  in  recognizable  changes  of  structure ; 
that  is  to  say,  the  slight  histological  changes  which  the  cells  undergo  as 
the  result  of  their  death  do  not  permit  us  always  to  determine  with  cer- 
tainty the  moment  of  the  cessation  of  their  life,  nor  does  the  macro- 
scopic ajjpearance  of  the  visible  portions  of  the  body  inform  us  when  a 
portion  thereof  becomes  necrotic. 

Necrosis  of  a  tissue  is  therefore  evident  upon  anatomical  examina- 
tion only  when  certain  changes  in  its  structure  have  occurred  either 
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coincidently  with  its  death  or  subsequently  thereto.  The  immediate 
occurrence  of  such  changes  is  met  with  occasionally  in  the  case  of  trau- 
matism, while  the  changes  which  develop  later  always  make  their  appear- 
ance after  the  lapse  of  a  certain  length  of  time.  It  is  customary  to  dis- 
tinguish several  forms  of  necrosis,  according  to  the  nature  of  the 
changes  which  take  place. 

Histologically  necrosis  of  a  cell  is  very  often  indicated  by  the  disin- 
tegration and  disappearance  of  its  nucleus  (karyorrhexis  and  haryolysis) .  In 
this  process  the  chromatin  of  the  latter — the  substance  which  is  stained 
by  the  nuclear  dyes— forms  small  masses  and  granules  which  occasion- 
ally leave  the  nucleus  and  get  into  the  cell-body,  where  they  dissolve 
and  disappear.  In  some  cases  the  nucleus,  before  disappearing,  shows 
evidences  of  shrinking ;  and  when  this  is  the  case  it  will  receive  from 
nuclear  stains  a  deeper  shade  of  color  than  it  would  under  normal  con- 
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Fig.  31.— Necrosis  of  the  epithelium  of  the  uriniferous 
tubes  la  a  case  of  icterus  gravis,  a.  Normal  convo- 
luted tubule  ;  h,  ascending  looped  tubule ;  c,  convoluted 
tubule  with  necrotic  epithelium;  d,  convoluted  tubule 
with  only  a  part  of  its  epithelium  necrotic ;  e,  stroma  and 
blood-vessels,  as  yet  unaltered.  (Preparation  hardened 
in  Mailer's  fluid,  and  stained  with  gentian  violet.)  Mag- 
nified 300  diameters. 


ditions.  In  other  cases  the  nu- 
cleus, ivliile  still  retaining  its  form, 
first  loses  its  fower  of  staining, 
and  then  gradually  dissolves  and 
disappears  (Fig.  31,  c,  d),  so 
that  even  in  well  hardened  and 
stained  preparations  there  may 
be  no  trace  whatever  of  the 
nucleus.  Thus,  for  example,  in 
those  portions  of  the  spleen  or 
kidney  which  have  been  ren- 
dered ischaemic  by  the  cutting 
off  of  the  blood-supply  in  em- 
bolism of  the  arteries  of  these 
two  organs,  the  nuclei  of  the 
cells  of  the  spleen  and  of  the 
kidney  epithelium  (Fig.  29,  c, 
d,  f,  g)  are  very  soon  lost,  and 
at  the  same  time  the  affected 
tissues  assume  a  distinctly 
pale,     cloudy,     yellowish-white 

appearance,  which  makes  it  possible  to  recognize  the  onset  of  necrosis 
even  with  the  naked  eye. 

Sooner  or  later  changes  take  place  also  in  the  protoplasm  of  the  dying 
cells,  and  these,  according  to  the  mode  of  death,  begin  before  the  cells 
are  actually  dead,  or  they  may  occur  only  in  the  dead  cells.  The  kind 
of  change  depends  upon  three  factors :  the  nature  of  the  cells  themselves, 
the  particular  kind  of  destructive  influence,  and  the  number  and  condi- 
tion of  the  surrounding  cells  and  fluid.  Amoeboid  cells  usually  take  on 
a  globular  form  after  death.  Delicate  and  only  slightly  modified  cell- 
bodies,  rich  in  protoplasm,  often  become,  either  before  or  after  death 
has  taken  place,  markedly  granular — less  frequently,  homogeneous  or 
flaky — through  the  access  of  fluid ;  the  protoplasm  and  sometimes  also 
the  nucleus  swell  up  and  show  in  their  interior  drops  of  fluid — vacuoles ; 
and,  as  a  result  of  this  swelling,  breaks  occur  in  the  continuity  of  the 
protoplasm  (plasmoschisis) .  When  this  latter  change  occurs,  portions 
of  cell-bodies  may  be  cut  off  entirely  from  the  parent  cell  through  a 
process  of  constriction,  or  they  may  simply  be  extruded.  The  ultimate 
issue  of  all  these  changes  is  the  reduction  of  the  protoplasm  and  7mcleus 
to  a  granular  mass,  and  fat  is  often  formed  at  the  same  time. 
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Cells  which,  under  natural  conditions,  have  undergone  a  decided 
transformation — as  is  the  case  with  cells  which  have  become  horny — 
show  comparatively  few  striking  changes;  yet  even  they  may  swell  up 
and  finally  disintegrate.  The  least  pronounced  morphological  changes 
are  those  which  occur  in  cells  which,  when  dying,  simply  grow  more 
dense  and  dry  up  (inspissafion) .  Under  these  conditions  the  cells 
become  smaller,  and  yet  at  times  they  also  may  lose  their  nuclei  and 
may  be  converted  into  a  shapeless  scaly  mass. 

The  injuries  which  lead  to  death  of  limited  portions  of  the  body 
may  be  classed  in  five  groups.  The  first  two  include  those  which  de- 
stroy the  tissue  directly  through  mechanical  violence  or  through  the 
action  of  chemicals.  Thus,  for  example,  a  finger  ma}"  be  crushed  by 
violence,  and  sulphuric  acid  may  destroy  a  portion  of  the  skin.  A  third 
group  of  injurious  influences  are  of  a  thermal  character.  Eleva- 
tion of  the  temperature  of  a  tissue  for  any  length  of  time  to  from  54° 
to  68°  C.  results  in  its  death.  Higher  temperatures  act  more  quickly. 
Similarly,  excessive  cold  can  be  borne  for  only  a  short  time  (cf .  §  5) . 
A  fourth  group  is  composed  of  diseases  which  owe  their  origin  to 
infections  with  vegetable  or  with  animal  parasites.  A  fifth  form  of 
necrosis,  characterized  as  anaemic  necrosis  or  as  local  asphyxia,  is 
the  result  of  discontinuance  of  the  supply  of  nourishment  and  oxygen 
to  the  tissues. 

In  addition  to  these,  many  authors  distinguish  as  a  special  group 
those  forms  of  necrosis  which  result  from  lesions  of  the  central  nervous 
system  or  of  the  peripheral  nerves,  and  which  may  be  designated  as 
neuropathic  necroses.  By  some  this  form  of  necrosis  is  believed  to  be 
the  direct  result  of  lesion  of  the  trophic  nerves,  while  by  others  it  is 
attributed  to  changes  in  the  circulation  and  to  the  effects  of  pressure 
and  mechanical  injury  of  anaesthetic  and  paralyzed  portions  of  the  body. 
The  observations  thus  far  made  upon  man,  and  experiments  upon  ani- 
mals, indicate  that,  at  all  events,  an  important  part  in  the  production  of 
this  form  of  necrosis  is  always  played  by  external  injuries  and  b}'  dis- 
turbances of  the  circulation. 

Again,  all  those  conditions  seriously  affecting  the  circulation  and 
leading  to  stoppage  of  the  blood-supply— such  as  thrombosis,  embo- 
lism, closure  of  a  vessel  as  the  result  of  lasting  abnormal  contraction, 
disease  of  its  wall,  or  ligation,  pressure  on  the  tissue,  inflammation, 
hemorrhage,  etc.^ — may  result  in  necrosis  of  the  affected  part;  nor  is  it 
necessary  that  the  disturbance  of  the  circulation  should  be  permanent, 
since  a  comparatively  transient  interference  with  the  blood-supply  may  be 
followed  by  death  of  tissue.  Whether  or  not  hemorrhage  occurs  in  such 
cases,  as  was  stated  in  §  47,  would  appear  to  be  immaterial  to  the  result, 
influencing  only  the  appearance  of  the  diseased  tissue.  Hemorrhagic 
wfarction  has  therefore  precisely  the  same  significance  as  an  ancemic 
necrosis  combined  icith  hemorrhage. 

When  death  of  a  tissue  supervenes  quickly  upon  the  infliction  of  an 
injury,  it  is  called  direct  necrosis ;  when  it  occurs  slowly,  and  is  pre- 
ceded by  degenerative  changes  in  the  tissue,  it  is  termed  indirect  necro- 
sis or  necrobiosis. 

Mechanical,  chemical,  thermal,  and  infectious  sources  of  injury,  as 
well  as  anaemia,  may  exert  their  effect  coincidently  in  the  production  of 
necrosis,  or  they  may  act  separately,  one  after  the  other.  When  the 
tissue  is  damaged  by  either  of  the  three  injuries  first  named,  the  blood 
itself  also  frequently  undergoes  a  change,  which  terminates  in  stasis  and 
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coagulation  of  this  fluid  in  the  capillaries,  as  well  as  in  the  veins  and 
arteries ;  and  as  a  result  of  this  the  circulation  is  arrested. 

Whether  or  not  any  given  injury  will  cau^e  necrosis  does  not  depend 
wholly  upon  its  nature  and  severity,  but  is  influenced  to  a  considerable 
degree  by  the  condition  of  the  affected  tissue  at  the  time  of  the  occur- 
rence. Thus,  if  a  tissue  has  been  subjected  for  a  long  time  to  the 
depressing  influence  of  an  impaired  circulation,  or  if  its  vitality  has 
been  lowered  by  marasmus  or  hydrsemia  or  a  diseased  condition  of  the 
blood,  it  dies  much  more  easily  than  if  it  had  been  previously  healthy. 
As  an  example  of  this  may  be  cited  the  frequency  of  necrosis  after  com- 
paratively slight  injuries,  more  particularly  of  the  extremities,  in  the 
aged  and  in  those  who  suffer  from  uncompensated  valvular  lesions  of 
the  heart.  Furthermore,  disturbances  of  the  nerves  of  the  vessels,  in  so 
far  as  they  lead  to  impairment  of  the  circulation,  may  afford  a  predis- 
position to  necrosis.  In  the  j)rostration  incident  to  typhoid  fever,  com- 
paratively slight  pressure  on  the  hip,  elbow,  sacrum,  or  heel  may  be 
sufiicient  to  bring  about  gangrenous  destruction  of  the  skin  and  of  the 
subcutaneous  tissue.  These  forms  are  known  as  senile  and  marasmic 
necrosis,  or  as  marasmic  gangrene  and  as  decubitus. 

The  structure  of  the  tissue,  its  position,  the  manner  of  its  death,  and 
the  causes  of  the  necrosis,  all  exert  a  determining  influence  upon  the 
course  of  the  necrosis,  that  is  to  say,  upon  the  changes  in  the  tissue 
which  will  result  therefrom.  An  important  influence  is  also  exerted  by 
the  amount  of  blood  and  lymph  in  the  tissue,  and  by  the  opportunity 
for  access  of  the  air  and  of  the  ferments  of  putrefaction.  Not  without 
influence,  also,  are  alterations  in  the  tissue  which  may  have  antedated 
the  onset  of  necrosis — as,  for  example,  fatty  degeneration,  inflamma- 
tion, hemorrhage,  etc. 

t^  As  the  result  of  necrosis  there  is  always  inflammation  of  m.ore  or  less 
intensity  in  the  surrounding  tissue  (cf.  Figs.  29,/,  and  30,' e),  and  it  is 
most  intense  when  processes  of  decomposition  set  up  in  the  necrotic  tis- 
sues. Through  the  formation  of  a  zone  of  inflammation  the  necrotic 
area  is  shut  off  from  the  surrounding  tissue — is  isolated  and  seques- 
tered; and  the  inflammation  is  accordingly  si^oken  of  as  limiting  or  seques- 
tering, and  the  dead  tissue  thus  shut  off  is  termed  a  sequestrum.  A 
detailed  description  of  these  inflammatory  processes  will  be  found  in 
Chapter  VI. 

If  we  exclude  from  consideration  for  the  present  the  more  special 
complications  of  necrosis — as,  for  example,  the  development  of  specific 
irritating  materials — five  sequelae  are  to  be  distinguished:  1.  The  dead 
"tissue  may  be  completely  absorbed,  or  may  be  cast  of  horn,  sl  surface, 
and  its  2^lcice  taken  by  newly  formed  normal  tissue.  This  is  spoken  of  as 
regeneration.  2.  The  dead  tissue  is  similarly  removed,  but,  instead  of 
the  normal  tissue  of  the  part  being  reproduced,  simple  connective  tissue, 
the  so-called  cicatricial  tissue,  more  oi  less  completely  supplies  the 
defect.  3.  The  necrotic  tissue  is  either  cast  off  entirely  or  becomes 
dissolved  (as  in  the  formation  of  gastric  ulcers  through  the  digestion  of 
portions  of  tissue  which  have  died),  but  the  lost  tissues  are  not  again 
replaced;  an  idcer  remains.  4.  The  dead  tissue  is  only  partially  ab- 
sorbed or  cast  off,  and  a  sequestrum  of  necrotic  tissue  remains,  which  may 
later  become  calcified,  and  which  is  in  time  surrounded  by  a  dense  con- 
nective-tissue capsule.  5.  There  is  cyst-formation  at  the  site  of  the 
necrosis,  resulting  from  encapsidation  of  the  dead  tissue  by  connective 
tissue,   absorption  of  the  necrotic  mass,  and  substitution  for    it  of  a 
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liquid,  which  fills  the  space  within  the  capsule  and  thus  forms  a  cyst. 
This  result  of  necrosis  is  most  often  met  with  in  the  brain. 

The  time  required  for  the  induction  of  necrosis  after  stoppage  of  the  circulation 
varies  with  tlie  different  tissues.  Ganglion-cells,  renal  epithelium,  and  the  epithelium 
of  the  intestine  die  in  so  short  a  time  as  two  hours,  while  skin,  bone,  and  connective 
tissue  may  remain  alive  for  twelve  hours  or  more.  In  general  it  may  be  stated  that 
all  tissues  performing  special  functions  die  much  sooner  than  those,  such  as  connective 
tissue,  which  have  only  themselves  to  sustain. 

The  cause  of  the  above-described  changes  in,  and  final  disappearance  of,  the  nuclei 
in  necrotic  areas  is  found  in  the  infiltration  of  the  necrotic  tissue  with  lymph  from  the 
surrounding  tissue  ;  and  these  changes  are  consequently  absent  when,  for  any  reason, 
the  circulation  of  the  lymph  in  the  diseased  organ  is  stopped.  Putrefaction  is  also  a 
potent  influence  in  inducing  a  rapid  disintegration  and  disappearance  of  the  nuclei  ;  but 
Fr.  Kraus  has  shown  that  portions  of  tissue  preserved  aseptically  and  out  of  all  contact 
with  bacteria,  in  moist  chambers  at  the  body-temperature,  lose  their  nuclei  after  a  time. 
The  tissue  of  the  liver  most  quickly  shows  this  change  (Goldmann),  while  it  may  not 
appear  in  the  spleen  and  kidney  until  much  later,  and  all  nuclei  may  not  have  disap- 
peared even  after  the  lapse  of  from  eight  to  fourteen  days.  It  has  been  found  by  Gold- 
mann  that  the  disappearance  of  the  nuclei  occurs  only  in  the  presence  of  a  considerable 
degree  of  moisture,  and  may  be  prevented  by  desiccation  of  the  tissue. 

§  52.  According  to  the  various  conditions  in  which  the  tissues  are 
found  after  they  have  died,  it  is  customar^-to  distinguish  four  principal 
forms  of  necrosis,  viz.,  coagulation  necrosis,  cheesy  degeneration,  liquef ac- 
tive necrosis,  and  gangrene. 

Coagulation  necrosis  (Weigert,  Cohnheim)  is  characterized  by  the 
previous  occurrence  of  coagulation,  which  may  take  i)lace  outside  the 
cells,  in  the  surrounding  fluid,  or  within  the  cells ;  and  when  the  latter 
event  happens,  the  alterations  which  occur  in  the  cells  are  of  a  peculiar 
character. 

When  the  process  of  coagulation  takes  j^/ace  outside  the  cells  and  leads 
to  necrosis,  there  should  be  reckoned,  as  one  of  its  phenomena,  the 
coagulation  of  hloodhoih^iihin  ihQ  blood-vessels  (Figs.  13-16)  and  on 
their  outside  (Fig.  12,  d) ;  for  in  this  phenomenon  there  are  seen  an 
actual  death  of  the  blood  and  a  destruction  of  the  cells.  Among  the 
other  phenomena  may  be  mentioned  the  coagulations  which  take  place, 
in  the  progress  of  an  inflammation,  in  the  fluids  (more  or  less  rich  in 
cells)  which  exude  from  the  blood-vessels  (compare  Chapter  VI.). 
These  exudations,  which  occur  partly  on  the  surface  and  partly  in  the 
__  interior  of  the  tissues. 


present,   when    coagu- 
lated,  either  a    fibril- 
lated  (Fig.  32,  a),  or  a 
somewhat  granular,  or 
a  hyaline  appearance. 
Intixicellular  coagu- 
lation takes  place  when 
the  dead  cells  or  cell- 
products     are      thor- 
oughly  permeated   by 
fibrin-containing      tis- 
sue-lymph.        When 
this    occurs   the    cells 
lose   their  nuclei,  and 
present  either  a  granular  (Fig.  29,  c,  d,  and  Fig.  31,  c),  or  a  hyaline  (Fig. 
33,  h)  or  a  scaly  appearance.     They  remain  in  this  condition  for  a  certain 
length  of  time,  and  then  break  down  into  granules  and  finally  disappear. 


_  Fig.  32.— Croupous  membrane  from  the  trachea,  a.  Transverse  sec- 
tion of  the  membrane  i  h,  uppermost  layer  of  the  mucous  membrane, 
with  pus-cells,  rt,,  scattered  throughout  its  substance;  c,  fibrin  threads 
and  granules ;  cZ,  pus-cells.    (Magnlfled  350  diameters.) 
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Fig.  33.— Waxy  degeneration  of  muscular 
fibres,  from  a  case  of  typhoid  fever,  o.  Nor- 
mal muscular  fibre ;  b,  7j,  degenerated  fibres, 
which  have  broken  down  into  separate 
masses ;  c,  c,  cells  lying  inside  of  the  sarco- 
lemma ;  fl,  connective  tissue  infiltrated  with 
cells.    Magnified  250  diameters. 


Coagulation  necrosis  is  most  often  observed  in  ansemic,  toxic,  and 
thermal  tissue-necroses;  as,  for  instance,  in  isclisemic  infarcts  of  the 
kidney    (Fig.   29)   and  spleen,   in  necroses  of  muscular  tissue,   which 
occur  in  the  course  of  certain  infectious 
diseases,   such    as  typhoid  fever    (Fig. 
33),   and    in  manv  inflammatory  proc- 
esses in  which  there  is  marked  infiltra- 
tion of  the  tissues,  the  result  of  exuda- 
tion from  the  blood-vessels. 

In  the  case  of  ansemic  infarcts,  the 
necrotic  tissue  looks  pale,  j'ellowish- 
white,  often  clay-colored  Muscles  in 
which  there  are  many  dead  muscular 
fibres  in  a  condition  of  hyaline  coagu- 
lation are  pale  red,  faintly  glistening, 
and  not  unlike  the  flesh  of  fish.  Tissues 
which  have  first  been  inflamed  and  then 
have  undergone  coagulation  necrosis 
are  opaque  and  grayish-white ;  but  de- 
cided changes  in  color  may  result  from 
the  admixture  of  blood  or  bile  (for  ex- 
ample, in  the  intestine). 

A  tissue  which  is  the  seat  of  coagu- 
lation necrosis  may — if  only  the  more 
delicate  parts  have  been  destroyed — 
still  be  clearly  recognized  in  its  struc- 
ture. If,  how^ever,  all  the  parts  have  been  altered,  the  whole  tissue  may 
be  changed  into  a  structureless,  hyaline,  or  granular  mass,  containing 
few  or  no  nuclei ;  and  this  result  occurs  very  often  in  the  necrosis  of  tis- 
sues which  have  been  inflamed  and  which  are  filled  with  fiuid  exudation. 
If  the  specimen  has  been  properh^  treated,  there  may  frequently  be 
seen,  in  these  necrotic  areas,  a  fibrillated  condition  of  the  intercellular 
coagulation.     The  same  thing  may  be  seen  even  in  ischsemic  infarcts, 

although  it  will  be  found  more  often 
in  the  necrosis  of  inflammatory 
tissue  (Fig.  34). 

Cheesy  degeneration  is  regarded 
as  a  form  of  coagulation  necrosis  in 
which  the  necrotic  tissue  presents  the 
appearance  either  of  hard  or  of  cream 
cheese.  In  the  first  instance  the  ne- 
crotic tissue  is  firm,  yellowish-white 
in  color,  and  like  hard  cheese  or  raw 
potato;  in  the  second,  it  is  soft, 
white,  sometimes  dry,  at  other  times 
moist,  and  frequently  it  looks  like  a 
mass  of  thicü  cream. 

Cheesy  degeneration  occurs  in  a 
typical  form  most  often  in  tubercu- 
lous new-formations,  and  represents,  under  these  circumstances,  the 
characteristic  ending  of  the  retrogressive  changes.  It  also  occurs  in 
syphilitic  granulations  and  in  tumors  rich  in  cells ;  and  inflammatory 
exudations  may  also  undergo  cheesy  degeneration. 

The  process  of  cheesy  degeneration  of  cellular  tissues,  which  is  a 


Fig.  34.— Coagulation-necrosis  in  the  interior 
of  an  enormously  swollen  mesenteric  lymph- 
gland,  from  a  patient  who  died  of  typhoid  fever. 
(Alcohol;  fibrin  stain.)  Network  of  fibrin  sepa- 
rating the  necrotic  cells.  Magnified  300  diam- 
eters. 
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striking  characteristic  of  tuberculous  granulations,  takes  place  gradu- 
ally, and  is  accordingly  regarded  as  one  of  the  phenomena  of  necrobiosis. 
The  cells  are  changed,  one  after  another,  into  non-nucleated,  homoge- 
neous, scaly  masses,  which   later  split 
^;-      :--:--    ---"-^^ — 1         and    break    up    into    a    granular   mass 

(Fig.  35,  (7,,  a).  While  these  changes 
are  taking  place  there  often  appears  be- 
tween the  cells  a  material  which  pre- 
sents different  appearances  at  different 
times.  Thus,  at  one  time,  it  forms  a 
hyaline  framework  around  the  cells ;  at 
another,  it  constitutes  a  somewhat  gran- 
ular ''fibrinoid  mass'';  and  at  still 
another,  it  has  all  the  characteristics  of 
typical  fihriUaied  fihrin  (Fig.  36,  a),  and 
assumes  a  deep  blue  color  when  treated 
with  Weigert" s  fibrin-staining  material. 
It  is  therefore  fair  to  assume  that  these 
substances  are  the  result  of  the  coagula- 
tion of  fluid  which  has  exuded  from  the 
blood-vessels. 

Through  the    progressive    breaking 

up    and  disintegration    of  the  necrotic 

cells,  the  fibrinoid  substance,  and  the  fibrin,  the  dead  tissue  is  ultimately 

changed  into  a  finely  granular  mass,  in  which  it  is  no  longer  possible 

to  recognize  the  original  structure. 

The  cheesy  metamorphosis  of  the  cellular  and  fibrinous  exudations 
which  are  found,  for  instance,  in  the  alveoli  of  the  lungs,  in  the  neigh- 
borhood of  tubercles,  is  accomplished  by  the  loss  of  the  nuclei  and  by 
the  breaking  up  of  the  cells  and  fibrin,  until  nothing  remains  but  a 
granular  mass  in  which  there  are  no  nuclei. 


Fig.  35.— Tissue  from  a  focus  of  tubercu- 
lous disease,  showing  bacilli  and  a  limited 
area  of  cheesy  degeneration.  (Alcohol: 
fuchsin;  aniline  blue.)  a.  Granular  cheesy 
material :  a^,  cheesy  material  in  the  form  of 
small  separate  aggregations ;  h,  flbrocellular 
tissue ;  o,  partly  necrotic  giant  cell,  with 
bacilli :  c?,  cellular  tissue  invaded  by  bacilli ; 
€.  a  similar  invasion  in  tissue  that  is  necro- 
tic :  /.  bacilli  enclosed  in  cells.  Magnified 
200  diameters. 
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Fig.  36.— Deposit  of  fibrin  in  a  tubercle  of  the  lung.     (Alcohol:   haematoxrlin :   fibrin-staining  mixture.) 
a,  Fibrin :  ö,  giant  cells ;  c,  cellular  portion  of  the  tubercle.    Magfüfled  oCO  diameters. 
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The  granules  of  the  soft  cheesy  masses  in  tuberculous  and  non- 
tuberculous  foci  are  in  part  albumin  granules,  in  part  fat  drops.  The 
further  fate  of  this  mass  may. be  either  a  liquefaction  and  conversion  into 
a  iJajD-liJte  material,  or  a  removal  through  ahsorjotion,  or  finally  a  solidifica- 
tion and  conversion  into  calcareous  material. 

Liquefaction  necrosis  is  chiefly  characterized  by  the  fact  that  the 
necrotic  parts  are  dissolved  in  the  fluid  present  in  the  tissue.  This  dis- 
solution may  be  accomplished  by  swelling  and  liquefaction  as  well  as 
by  breaking  up  of  the  tissue,  or  through  a  combination  of  both  proc- 
esses. Thus,  for  instance,  in  burns  of  moderate  severity,  those  cells 
of  the  skin  (exclusive  of  the  horn.y  layers)  which  have  been  killed  by  the 
heat,  are  dissolved  in  the  fluid  which  exudes  from  the  papillary  bodies 


Fig.  37.— Section  through  the  epidermal  and  papillary  portions  of  a  cat's  paw,  a  short  time  after  it  had  been 
burned  with  fluid  sealing-wax.  (Alcohol;  carmine.)  ä.  Horny  layer  of  the  epidermis;  h.  rete  Malpighii: 
c.  normal  papilla  of  the  skin ;  d,  swollen  epithelial  cells,  the  nuclei  "of  which  are  still  ^-isible  at  a  few  points, 
while  at  others  they  have  entirely  disappeared ;  e,  epithelial  cells  lymg  between  the  papilla?,  the  upper  ones 
being  swollen  and  elongated,  while  the  lower  still  remain  in  a  normal  condition  ;  f.  fibrinous  network  com- 
posed of  epithelial  cells  (broken  down  so  as  to  be  no  longer  recognizable  as  such)  ^nd  exudate ;  g.  an  inter- 
papillary  mass  of  cells  which  have  become  swollen  and  have  lost  their  nuclei ;  /(,  a  part  of  a  similar  mass  in 
which  the  cells  have  been  entirely  destroyed ;  f ,  a  papula  that  has  been  flattened  by  pressure  and  that  is  in- 
filtrated with  cells ;  k.  solidified  subepithelial  exudate.    Magnified  150  diameters. 


(Fig.  37,  d,  f).  In  ischsemic  brain  necrosis  the  brain  substance  under- 
goes softening,  and,  in  the  course  of  this  process,  drops  and  granules 
are  formed.  As  the  process  advances  the  brain  tissue  will  be  reduced 
to  a  milky,  pap-like  mass,  in  which  the  products  of  the  destruction  of 
the  brain  tissue  are  represented  by  smaller  and  smaller  particles,  which 
are  sometimes  free,  sometimes  are  contained  in  the  cells.  Eventually 
these  particles  are  dissolved,  or  they  are  entirely  removed  by  absorp- 
tion. In  the  i3rocess  known  as  tissue-suppuration,  which  occurs  very 
often  in  purulent  inflammations,  the  so-called  pus  corpuscles  are 
destroyed,  some  of  them  first  swelling  up  and  bursting,  while  the 
others  become  disintegrated  without  any  preliminary  imbibition  of 
fluid.  The  ground-substances — as,  for  example,  the  fibres  of  the  con- 
nective tissue — gradually  dissolve  and  disappear,  in  the  course  of  tissue- 
suppuration. 

Necrotic  tissue  of  the  stomach-wall  is  dissolved  by  the  action  of  the 
stomach  secretion. 
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Coagulation  necrosis  may  give  rise  to  liquefaction,  and,  vice  versa ,  lique- 
faction may  induce  coagulation.  Thus,  for  example,  in  an  inflammatory 
exudation  the  dissolution  of  the  leucocytes  may  produce  coagulation; 
and  later,  the  coagulation  products  may  in  their  turn  be  dissolved.  In 
gangrenous  blebs  produced  by  the  dissolution  of  epithelial  cells,  there 
may  occur  a  coagulation,  the  products  of  which  are  later  dissolved. 
As  already  stated,  fibrinous  deposits  which  were  originally  produced  in 
the  course  of  some  inflammation  or  in  connection  with  the  development 
of  granulation  tissue,  and  which  have  become  necrotic  or  have  under- 
gone cheesy  degeneration,  very  often  at  a  later  stage  become  liquefied. 

The  changes  described  above  as  occuiTing  in  necrotic  or  dying  tissues  are  not  the 
only  ones  which  may  occur  during  tlie  com\se  of  their  destruction  ;  attention  has  been 
paid  only  to  the  principal  types  which  occur  in  the  course  of  a  comparatively  rapid 
death.  Many  of  the  forms  of  tissue-degeneration  which  are  described  in  the  following 
IDaragi'aphs  also  lead,  not  infrequently,  to  ultimate  death  of  the  tissue  ;  and  consequently 
they  must  be  reckoned  as  belonging  under  the  heading  tissue-necrobiosis.  Granulai'  de- 
generation, fatty  degeneration,  mucous  degeneration,  and  dropsical  degeneration  often 
end  in  the  destruction  of  cells;  and  the  same  result  maybe  produced  in  connective 
tissue  by  hyaline  degeneration  and  by  amyloid  degeneration,  for  these  processes  are  not 
only  capable  of  producing  a  permanent  change  in  the  basis  substance  of  the  tissue,  but, 
they  may  also  cause  it  to  undergo  disintegration,  and  they  may  even  produce  the  death 
of  the  cellular  elements  of  the  tissue. 

§  53.  Under  the  name  of  gangrene  may  be  classed  those  forms  of 
necrosis  in  which  the  tissue — partly  through  the  influence  of  exposure 
to  air  and  partly  through  the  agency  of  bacteria — undergoes  changes 
that  give  to  it  the  appearance  and  also  the  ])hysical  characteristics  of 
burned  tissue.  If  the  portion  of  tissue  which  has  died  becomes  dry 
through  exposure  to  the  air,  and  through  the  resulting  evaporation  of 
the  water  which  it  contains,  it  is  customary  to  apply  to  this  condition 
the  terms  dry  gangrene  {gangrcena  sicca)  and  mummification.  But  if 
the  dead  part  continues  to  remain  moist,  the  terms  moist  gangrene 
(gangrcena  Jiumida)  and  sphacelus  are  the  proper  ones  to  emj^loy.  If, 
through  the  agency  of  bacteria,  decomjDOsition  sets  in,  there  will  l^e 
established  a /b?(^.sy/?e/////(/  gangrene — a  putrid  gangrene  (gangrcena  fceti- 
cl.a).  The  formation  of  gas  bubbles  as  a  result  of  the  putrefactive 
changes  warrants  the  employment  of  the  term  emphysematous  gan= 
grene  {gangrcena  ernphyserncdosa) . 

Moist  gangrene  and  putrid  gangrene  are  in  general  identical,  since 
bacteria  develop  only  in  very  moist  tissues.  Nevertheless,  a  dry  gan- 
grene may  also  be  a  putrid  gangrene — a  fact  which  may  be  explained 
by  the  assumption  that  bacteria  multiplied  in  the  tissues  before  the 
process  of  drying  took  place.  Dry  gangrene  may  therefore  develop 
from  the  moist  form,  and,  on  the  other  hand,  it  may  also,  through  the 
absorption  of  water,  develop  into  moist  gangrene. 

If  the  necrotic,  putrid,  or  mummified  tissue  contains  a  great  deal  of 
blood,  it  looks  black,  dark-brown,  or  dark-green  in  color,  and  is  then 
called  black  gangrene.  Gangrenous  parts  which  are  poor  in  blood  are 
sometimes  spoken  of  as  being  afi'ected  with  white  gangrene.  This 
expression,  however,  is  often  inappropriate,  for  the  dead  parts  are  gen- 
erally more  or  less  discolored. 

In  the  case  of  parts  which  are  situated  at  the  surface  of  the  body,  it 
is  not  unusual  to  distinguish,  according  to  the  temxDerature  of  the  tis- 
sues which  have  died,  a  cold  gangrene  and  a  ica.rrn  or  hot  gangrene  :  the 
last  of  these  terms  being  used  when  the  dead  parts  are  kept  warm  by 
the  flow  of  blood  through  the  tissues  of  the  neighborhood. 
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Gangrene  may  be  caused  by  external  injuries,  by  heat,  by  cold,  by 
cauterization,  by  crushing,  by  pressure,  by  infections,  etc. ;  it  may  also 
be  caused  by  disturbances  of  the  circulation. 

Gangrene  from  disturbance  of  the  circulation  or  from  its  entire 
arrest  occurs  most  frequently  in  old  people  {senile  gangrene);  in  the 
extremities,  and  particularly  in  the  toes,  the  foot,  and  the  leg.  It  is  of 
the  dry  variety,  and  is  caused  by  general  disturbance  of  the  circulation 
as  well  as  by  narrowing  of  the  arteries  of  the  extremities  through  thick- 
ening of  their  walls  (Fig.  38).  The  dying  parts  look  bluish-black  from 
venous  congestion.  General  circulatory  disturbances,  such  as  accom- 
pany heart  disease  and  embolism  of  the  arteries,  may  cause  similar 
changes. 

Gangrene  from  cold  affects  especially  the  terminal  parts  of  the  ex- 
tremities, the  nose,  and  the  external  ear,  and  it  is  characterized  by  the 
same  pathological  alterations  as  those  which  have  already  been  de- 
scribed. 

Gangrene  from  heat  is  confined  to  the  area  directly  influenced  by 
the  hot  material. 

Gangrene  from  pressure,  or  bedsore  (decubitus),  is  most  frequently 
observed  in  marasmic  individuals.     The  parts  most  often  affected  are 


Fig.  38.— Dry  ;gangreDe  of  the  toes,  caused  by  narrowing  and  closure  of  the  arteries  which  supply  these 

parts— arteriosclerosis, 

the  region  over  the  sacrum  and  the  heels,  both  of  which  regions  are 
exposed  to  pressure  when  the  patient  lies  on  the  back.  At  first  bluish- 
red  spots  appear,  and  within  this  area  the  tissues  die,  then  undergo 
decomposition  through  the  aid  of  bacteria,  and  finally  break  down  into 
detritus.  The  putrid  decomposition  may  involve  an  area  of  large  extent 
when  the  part  affected  is  the  region  of  the  sacrum.  It  is  in  this  locality 
that  the  bony  structures  may  be  extensively  laid  bare  through  the  dis- 
integration of  the  overlying  soft  parts. 

Toxic  gangrene  is  observed  at  the  very  ends  of  the  extremities,  espe- 
cially in  ergot  poisoning,  which  causes  closure  of  the  smallest  blood- 
vessels through  contraction  of  their  walls  and  the  formation  of  thrombi. 

Infectious  gangrene  occurs  particularly  in  various  infections  of  the 
skin  and  subcutaneous  tissue,  and  the  process  may  be  accompanied  by 
gas-formation. 

Infections  which  are  associated  with  foul-smelling  disintegration  of 
the  tissues  may  occur  in  various  internal  organs,  but  more  especially 
in  the  lungs  and  intestines. 

Neuropathic  gangrene  takes  place  when  a  part  which  is  affected 
with  either  a  sensory  or  a  motor  paralysis  is  wounded  or  is  subjected 
to  continued  pressure.  The  cause  is  therefore  to  be  sought  for  partly  in 
an  infection  and  partly  in  some  disturbance  of  the  circulation.      As 
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already  stated  in  §  51,  it  lias  not  yet  been  demonstrated  that  the  with- 
drawal of  the  trophic  influence  of  nerves  is  competent  to  produce  gan- 
grene. Symmetrical  gangrene,  which  affects  corresponding  i)arts  of  the 
extremities,  and  is  looked  upon  by  many  as  a  neuropathic  affection, 
should  rather  be  considered  as  the  outcome  of  some  circulatory-  disease. 
In  moist  gangrene  the  tissues  break  down  and  become  dissolved  with 
a  varying  degree  of  rapidit}^  the  fasciae  resisting  for  the  longest  time. 
Among  the  crystalline  products  of  the  chemical  changes  which  occur  in 
the  course  of  this  disintegration,  the  following  may  be  mentioned: 
needles  both  of  fat  and  of  tyrosin,  globules  of  leucin,  cofiin-lid  crystals 
of  triple  phosphate,  and  h^ematoidin  crystals.  When  the  gangrenous 
process  comes  to  a  standstill,  a  demarcation-line  of  inflammation  will 
surround  the  necrotic  tissue — that  is  to  say,  the  dead  will  be  separated 
from  the  living  tissue,  and  will  ultimately  be  removed  from  the  organ- 
ism. In  the  case  of  necrotic  osseous  tissue  a  very  long  time  will  be  re- 
quired before  this  separation  can  be  effected.  A  continued  extension  of 
the  gangrenous  process — through  infection,  or  through  the  continuance 
of  a  defective  circulation — leads  sooner  or  later  to  death,  especially  if 
toxic  material  from  the  gangrenous  area  or  even  bacteria  are  taken  up 
into  the  blood  and  the  lymph. 


IV.  Hypoplasia,  Agenesia,  and  Atrophy. 

§  54.  Hypoplasia  or  defective  development,  maj'  affect  the  entire 
body  or  only  organs  or  jjarts  of  organs,  and  may  occur  either  during  the 
period  of  intra-uterine  development  or  after  birth,  during  the  period  of 
growth. 

When  the  entire  skeleton  or  a  very  considerable  part  of  it  undergoes 
maldevelopment,  so  that  the  bones  are  much  shorter  than  normal, 
abnormalh^  small  individuals  result,  called  dwarfs  (Figs.  39  and  40), 
whose  parts  may  be  either  fairly  well  proportioned  (Fig.  39)  or  else 
unsymmetrically  developed  (Fig.  40).  In  the  latter  figure  may  be  seen 
an  example  of  a  dwarf  whose  trunk  was  of  nearly  the  normal  size,  while 
the  extremities  were  abnormally  small.  Again,  the  body  and  extremi- 
ties may  be  abnormally  small,  while  the  head  develops  to  about  the 
normal  size,  being  then  out  of  all  proportion  to  the  body.  When  the 
maldevelopment  is  confined  to  a  single  part  of  the  skeleton,  or  is  here 
much  more  marked  than  elsewhere,  a  rudimentary  condition  of  that  part 
results.  Thus,  as  the  result  of  maldevelopment  of  the  cranium,  condi- 
tions of  microcephalus  (Fig.  41)  and  micrencephalas  (Fig.  42)  are  in- 
duced ;  as  the  result  of  maldevelopment  of  the  humerus  or  of  the  bones 
of  the  hand  we  may  have  shortening  of  the  upper  arm  or  of  the  hand 
respectively ;  and,  similarly,  imi:)erfect  development  of  the  lateral  masses 
of  the  sacrum  may  lead  to  transverse  narrowing  of  the  pelvis. 

Among  the  separate  organs  the  central  nervous  system  (Figs.  42  and 
43)  and  the  genito-urinary  system  suffer  perhaps  most  frequently  from 
maldevelopment,  although  the  intestine,  heart,  lungs,  and  liver  by  no 
means  escape.  In  Fig.  42  is  presented  an  example  of  abnormal  small- 
ness  and  retarded  development  of  the  whole  brain ;  but  there  are  also 
cases  in  which  one  hemisphere  alone  suffers  (Fig.  43,  c,  d),  either 
wholly  or  in  part.  A  part  of  the  intestine  may  be  so  imperfectly  devel- 
oped as  to  form  only  a  thin  and  quite  useless  canal  (Fig.  45,  d)  or  to  be 
merely  a  small  solid  cord   (Fig.  45,   e).     The  uterus  not  infrequently 
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remains  in  an  undeveloped  'state  (Fig.  44),  and  occasionally  tlie  entire 
group  of  female  generative  organs,  both  internal  and  external,  may 
remain  at  the  time  of  puberty  in  the  undeveloped  condition  of  a  young 
child.  Among  the  organs  of  the  urinary  system  a  more  or  less  complete 
maldevelopment  of  the  kidney  is  not  uncommon.     In  the  development 


Fig.  39. 


Fig.  <iO. 


Fig.  39.— Skeleton  of  a  female  dwarf,  thirty-one  years  of  age,  118  cm.  In  height,  an  idiot,  and  possessing  a 
klinocephaUc  skull.  All  the  discs  of  cartilage  at  the  diaphyses  of  the  long  bones  and  pelvic  bones  are  still 
present ;  so  also  is  the  frontal  suture.  The  individual  parts  of  the  skeleton  are,  in  the  main,  correctly  re- 
lated to  one  another,  the  upper  extremities  alone  being  relatively  somewhat  short. 

Fig.  40.— Skeleton  of  a  female  dwarf,  fifty-eight  years  of  age,  117  cm.  in  height,  and  with  a  long  trunk 
and  very  short  arm-  and  leg-bones.  The  discs  Of  cartilage  are  still  present ;  the  articular  ends  of  the  bones 
are  thick. 


of  the  respiratory  tract  the  alveoli  of  one  portion  of  the  lungs  may  fail 
to  develop,  as  the  result  of  which  a  whole  lobe  or  a  part  of  a  lobe  may 
be  made  up  entirely  of  connective  tissue  and  dilated  bronchi  (Fig.  46). 

The  above-mentioned  examples  of  hypoplasia,  to  which  many  others 
might  be  added,  are  all  due  either  to  causes  operating  within  the  devel- 
oping foetal  organism  itself,  in  which  case  they  may  be  said  to  be  in- 
herited, or  to  external  delei^4ous  influences  working  upon  normal 
10 


eletj^^: 

7 


154 


HYPOPLASIA    AND    AGENESIA. 


tissues  during  their  developmental  period.     Tims,  as  causes  of  malde- 
velopment  of  tlie  bones  we  may  mention  disease  of  the  thyroid  gland 

(cf.  S  23 j,  insufficient  nutrition 
(rachitis),  disuse  (Fig.  43),  and 
inflammation.  T\'hen  portions 
of  the  body  or  single  organs  fail 
of  all  development,  the  condition 
is  spoken  of  as  agenesia.  This 
depends  upon  an  entire  failure 
of  development  of  the  part  in 
question  from  the  very  start,  or 


Fig.  41.— Head  of  Helene  Becker  (microcephalic'),  at 
the  age  of  five  years.  (From  a  photograph  taken  by  A. 
Ecker  in  1868.) 


s^-> 


Fig.  42.— Brain  of  Helene  Becker  (microcepha- 
lic), who  died  at  the  age  of  eight  years.  ( From  von 
Bischotf.)  This  brain  weighed  219  gm.  (instead  of 
1,377  gin.,  as  Vierordt  claims  that  It  should). 


upon  a  total  destruction  of  the  part  after  it  has  begun  to  develop  (cf. 
the  chapter  on  Malformations). 

The  tissue  composing  hyi^oplastic  organs  or  parts  of  organs  is  ^t 


^1/ 


Fig.  43. — Hjrpoplasia  and  microgyria  of  the  left  cerebral  hemisphere:  case  of  a  deaf-mute,  a.  Right 
hemisphere  ;  h,  left  hemisphere ;  c, "occipital  lobe,  diminished  In  size  and  in  a  state  of  microgyria  ;  d,  mem- 
branous cyst  in  the  region  of  tiie  parietal  lobe.  (Seen  from  above,  after  removal  of  the  cerebellum.  Two- 
thirds  natural  size.) 
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times  normal  in  structure;  but  there  is  often  associated  with  the 
abnormal  smallness  of  the  organ  an  imperfect  organization  of  its  in- 
tegral parts,  with  failure  of  development  of  some  of  its  more  highly 


YKi. 


-Hypoplasia  of  the  uterus,  vrith.  well-developed  ovaries. 

age.) 


(From  an  idiotic  girl,  eighteen  years  of 


specialized  elements,  so  that  associated  with  a  hypoplasia  of  the  entire 
organ  there  may  be  agenesia  of  some  of  its  elements.  Thus  in  hypo- 
plasia of  the  ovary  the  formation  of  ova  maj^  fail  in  part;  in  hypoplasia 
of  the  brain  there  maj'  at  the  same  time  be  a  faulty  development  of  the 
ganglion-cells  and  nerve-fibres,  and  at  times  portions  of  the  brain  may 
be  represented  by  merely  membranous  masses  (Fig.  43,  d),  in  which 
ganglion-cells  are  entirely  absent ;  and  in  hypoplasia  of  the  lung  (Fig. 
46)  there  may  occasionally  be  complete  failure  of  development  of  the 
alveoli,  the  lung-tissue  then  con- 
sisting chiefly  of  rather  vascular 
connective  tissue  in  which  bron- 
chi, usually  dilated,  lie. 

§  55.  Atrophy  is  diminution 
in  size  of  an  organ  as  the  result 
of  diminution  in  size  and  disap- 
pearance of  its  elements.  It  may 
occur  at  any  period  of  life,  and  is, 
in  fact,  a  very  frequent  result  of 
many  different  pathological  proc- 
esses. Within  certain  limits  it 
may  be  regarded  as  a  j^^iysiologi- 
cal  process,  since  in  advanced  age 
a  retrograde  change  in  all  the 
organs  is  of  constant  occurrence 
and  is  always  associated  with 
more  or  less  diminution  in  their 
size.     A  few  of  th-s  organs  suffer 

a  similar  change  even  before  old  age — as,  for  example,  the  thymus, which 
becomes  completely  atrophied  even  before  the  completion  of  the  period 
of  adolescence,  and  the  ovary,  a  part  only  of  Avhose  ova  are  discharged 
during  the  period  of  sexual  activity,  the  remainder  undergoing  atrophy. 


Fig.  45.— Hypoplasia  of  the  small  intestine  of  a  new- 
born child,  a,  A  much-dilated  portion;  />.  c,  ch  e, 
portions  that  are  much  narrowed  and  wasted ;  f,  nor- 
mally developed  small  intestine.  (Five-sevenths  nat- 
ural size.) 
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Fig.  46.— Agenesia  of  the  respiratory  parenchyma  of  the  left  lung.  The 
lung  consists  of  dense  connective  tissue  in  the  midst  of  which  dilated 
bronchi  are  found.  (Horizontal  section  through  the  apex  of  the  upper 
lobe.    Natural  size.) 


In  the  atrophy  of  old  age  the  lymphadenoicl  tissues,  the  muscles,  and 
the  bones  suffer  most  as  a  rule,  though  there  is  much  difference  in  this 
regard  in  different  individuals,  the  brain  or  the  glands  of  some  of  them 

undergoing    the    ear- 


liest  and  most  rapid 
change. 

The  most  striking 
evidence  of  atroph}- 
of  an  organ  is  its 
diminution  in  size. 
When  the  muscles 
atrophy  (Fig.  47) 
the  affected  i^ortions 
of  the  body  become 
smaller;  and  in  cases 
of  extensive  atrophy 
of  the  muscles  of  the 
extremities  the  im- 
pression is  given  as  if  nothing  intervened  between  the  skin  and  the 
bones.  When  the  atrophy  of  an  organ  goes  on  symmetrically  in  all 
its  parts  its  normal  shape  may  be  preserved.  But  it  often  progresses 
more  rapidly  in  one  part  than  in  another,  in  which  case  great  asym- 
metry of  the  organ  may  result,  there  being  often  deep  pits  upon  its 
surface  (Fig.  49)  and  cicatricial  contractions  (Fig.  52),  so  that  the  affect- 
ed organ — for  exam])le,  liver  or  kid- 
ney— may  present  a  knobbed  or  gran- 
ular surface.  In  cases  in  which  the 
tissues  undergoing  atropine  are  in  any 
way  i:)reveuted  from  contracting,  as  is 
the  case  in  bones  and  in  the  lung,  the 
outward  form  of  the  organ  is  preserved. 
In  the  case  of  bone,  however,  the 
Haversian  canals  and  the  medullary 
cavity  become  enlarged,  and  a  condi- 
tion results  which  is  designated  excen- 
tric  atroplu/  or  osteoporosis  (Fig.  48). 
In  the  lungs  the  alveoli  become  united 
into  large  air-spaces  as  the  result  of 
disappearance  of  the  intervening  al- 
veolar walls. 

When  atrophy  affects  glands  and 
muscles  there  is  often  a  change  in 
their  color,  though  this  is  of  but 
secondary  importance,  depending 
either  upon  an  unusual  distinctness  of 
the  pigment  of  the  affected  organ  be- 
cause of  the  disappearance  of  parts  or- 
dinarily overshadowing  it,  or  upon  the 
deposit  of  pigment  in  the  atrophied 
tissue,  or,  finally,  ui:>on  a  changed 
blood-content  of  the  atrophied  tissue. 

The  diminution  in  size  of  atrophic 
organs  is  the  result  of  diminittion  in  size 
and    disapjjearance    <f    the    structural      ^'^- ^•-^'^^e^S^S^o.S^^'    ^^""^ 
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elements  of  the  tissues  composing  them.  In  the  majority  of  the  organs — 
more  iDarticularly  glandular  organs,  muscle,  and  bone — the  more  highly 
specialized  portions  suffer,  in  undergoing  atrophy,  to  a  much  greater 
extent  than  the  connective-tissue  framework  which  supports  them.  In- 
deed, it  is  not  uncommon  to  find  this  latter  tissue  quite  intact,  or  even 
increased  in  amount,  in  an  organ  from  which  all  the  more  highly  differ- 
entiated parenchyma  has  disappeared.  Thus  in  atrophic  muscle-tissue 
(Fig.  50)  the  contractile  substance  within  the  sarcolemma  frequently 
disai)pears  entirely  without  the  occurrence  of  any  noticeable  atrophy  in 
the  connective  tissue  be- 
tween the  muscle-bundles, 
the  nuclei  of  which  may  be 
actually  increased  in  num- 
ber (Fig.  50,  c,). 

In  atrophy  of  the  kidney 
the  epithelial  cells  of  the 
urinary  tubules  (Fig.  51,  /) 
become  smaller  and  smaller, 
and  ultimately  disappear, 
the  tubules  then  undergoing 
complete  collapse.  A  simi- 
lar change  occurs  in  the 
epithelium  of  the  glomeruli, 
the  capillaries  of  which  dis- 
appear. 

The  same  thing  occurs 
in  simple  atrophy  of  the 
liver,  in  which  the  entire 
parenchyma  of  a  lobe  may 
disappear  without  any  con- 
siderable diminution  in  the 
amount  of  its  connective- 
tissue  stroma.  Similarly 
the  ganglion-cells  of  the 
brain  and  of  the  spinal  cord 
may  atrophy  without  any 
diminution  in  the  neuroglia, 
which  is  often  actually  in- 
creased in  amount. 

In  atrophy  of  bone  it  is 
the  true  bone-tissue  which 
becomes    diminished    in 

amount,  and  in  excentric  bone-atrophy  and  osteoporosis  the  marrow  is 
materially  increased.  In  some  cases,  however,  the  fat  of  the  marrow 
may  also  disappear,  leaving  spaces  which  then  become  filled  with  liquid. 

In  atrophy  of  lymphatic  tissue  and  of  the  spleen  it  is  more  particu- 
larly the  free  cells  which  undergo  diminution  and  in  parts  completely 
disappear. 

The  change  in  an  organ  resulting  in  its  atrophy  may  occur  without 
any  appreciable  change  in  the  structure  of  its  component  parts  (Fig. 
50) ,  the  atrophy  being  the  result  of  a  simple  diminution  in  size  of  the 
various  tissue-elements.  This  form  of  atrophy,  called  simple  atrophy, 
is  to  be  carefully  distinguished  from  the  degenerative  atrophies,  in 
which  changes  in  the  structure  of  the  various  tissue-elements  occur  from 


Fig.  48.— Excentric  atrophy  of  the  lower  ends  of  the  tibia  and 
fibula,  with  osteoporosis.    (Natural  size.) 
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the  beginning  and  are  frequently  associated  with  deposits  of  patho- 
logical substances  in  them.     Thus  a  cell  may  become  granular  and  un- 
dergo fragmentation,  or  may  swell  up  and  liquefy,  or  droplets  of  fat  or 
^_  mucus  may  form  in  it, 

^„-^-^'^       ~~"'~~~-~-— -.^  all   of    these    changes 

^N  being      indicative     of 

degenerative  processes 
in  the  protojolasm  of 
the  cell.  The  special 
varieties  of  degenerative 
cJiaiiges  which  occur  in 
tissues  will  be  treated 
of  in  the  succeeding 
paragraphs  o  f  this 
chapter.  Coincideutly 
with  changes  in  the 
protoplasm  of  the  cell- 
body  there  may  be 
similar  degenerative 
changes  in  the  nucleus, 
such  as  fragmentation, 
change  of  shape,  irreg- 
ular distribution  of  the 
chromatin,  discharge 
of  the  chromatin  into 
the  cell-body,  and  swelling  and  disappearance  of  the  nucleus,  all  of  which 
ultimately  lead  to  destruction  of  the  nucleus,  and  secondarily  of  the  cell 
itself. 

Degenerations  thus  ultimately  leading  to  atrophy  of  the  affected 
organ  are  of  very  frequent  occurrence,  particularly  in  glandular  organs. 
Frequently  inflammation  is  also  a  complicating  factor  in  the  production 
of  these  conditions. 

§  56.  The  various  atrophies  may  be  separated  according  to  their 
origin  into  active  and  passive.     The  cause  of  the  first  lies  in  the  inabil- 


FiG.  49.— Senile  atrophy  of  the  calvarium.  with  defect  of  the  external 
table  and  of  the  spongy  portion  throughout  the  central  parts  of  the 
parietal  bones. 


Fig.  50.— Section  of  an  atrophied  muscle,  from  a  case  of  progressive  muscular  atrophy.  (MüUer's  fluid ; 
Bismarck  brown.)  a,  o.  Normal  muscular  fibres ;  /^  atrophic  muscular  fibres :  c,  perimysium  internum,  the 
nuclei  of  which,  at  c,,  seem  to  be  increased  in  number.    Magnified  2(K)  diameters. 


ity  of  the  cell  to  assimilate  as  it  should  the  food  which  is  brought  to  it. 
In  the  passive  form  insufficient  food  is  brought  to  the  cell,  or  such  as  is 
brought  is  of  an  improper  kind,  or  harmful  substances  are  contained  in 
it  which  impair  the  nutritive  function  of  the  cell.  Active  atrophy  is 
more  particularly  observed  as  a  part  of  senile  degeneration,  but  it  occurs 
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also  under  pathological  conditions,  especially  in  nerves,  glands,  and 
muscles  (Fig.  47)  whose  function  is  interfered  with. 

Clinicians  are  apt  to  prefer  to  the  above  another  classification  of  the 
atrophies,  distinguishing  senile  atrophy,  atrophy  dependent  upon  im- 
paired    nutrition,     pressure 
atroph}',   atrophy  of   disuse, 
and  neuropathic  atrophy. 

Senile  atrophy  (Fig.  49) 
is  partly  active,  partlj^  pass- 
ive, since  it  is  not  simply 
the  result  of  gradually  dimin- 
ishing energy  on  the  part  of 
the  cell,  but  depends  also  in 
part  upon  narrowing  and 
obliteration  of  the  vessels 
conveying  nourishment  to  it. 
It  may  occur  in  all  the  or- 
gans, and  is  often  more  pro- 
nounced in  one  organ  than 
in  another.  The  bones,  the 
kidneys,  the  liver,  the  brain, 
and  the  heart  may  all  thus 
suffer  a  decided  diminution 
in  their  volume. 

The  atrophy  dependent 
upon      impaired      nutrition 

may  result  from  an  insufficiejit  supply  of  food  to  the  body  as  a  whole  or 
from  extensive  loss  of  the  fluids  of  the  body,  and  then  affects  the  whole 
body,  although  even  then  the  fat,  the  blood,  the  muscles,  and  the  abdom- 
inal glands  suffer  most.  Local  atrophies  may  result  from  interference 
with  the  blood-supply  of  limited  regions  (Fig.  52),  and  are  a  frequent 
result  of  diseases  of  the  blood-vessels.  Furthermore,  they  are  of  frequent 
occurrence  as  a  result  of  or  as  a  part  of  inflammatory  processes,  though  in 
this  connection  it  should  be  stated  that  the  disappearance  of  the  tissue- 
elements  is  not,  as  a  rule,  the  result  of  simple  atrophy,  but  of  a  variety 


Fig.  51.— Senile  atrophy  of  the  kidney.  (Alcohol ;  alum- 
carmine.)  o,  a.  Normal  uriniferous  tubules;  ö,  normal  glo- 
merulus ;  c,  stroma,  with  blood-vessels  ;  d,  atrophic  glomer- 
ulus; e,  small  artery,  with  somewhat  thickened  intima;  f, 
atrophied  and  collapsed  uriniferous  tubules.  Magnified  20(1 
diameters. 
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Fig.  53.— Arteriosclerotic  atrophy  of  the  kidney.    (Natural  size.) 

of  degenerative  changes  which  lead  to  the  destruction  of  the  cells  and  ol 
the  tissues. 

Occasionally  atrophy  of  a  tissue  ma}^  result  from  the  presence  of  dele- 
terious substances  in  the  blood.  Thus  iodine  causes  in  time  a  diminu- 
tion in  size  of  the  thyroid  gland,  and  in  chronic  lead-poisoning  the 
extensor  muscles  of  the  forearm  are  apt  to  undergo  atrophy. 


160 


TARIOUS    FORMS    OF   ATROPHY. 


Pressure  atrophy  results  from  continued  and  moderate  pressure 
upon  a  tissue  (Fig.  53).     It  would  ajjpear  to  dejjend  both  upon  direct 

injury  to  tlie  tissue  and  upon  interfer- 
ence with  its  circulation.  Tyj^ical  ex- 
amptles  are:  the  atrophy  of  the  liver 
which  results  from  tight  lacing  and 
consequent  pressure  of  the  ribs  upon 
the  liver ;  and  the  disaj)pearance  of  bone 
as  the  result  of  pressure  of  an  aneurism 
(Fig.  53)  or  of  an  accumulation  of  liquid 
in  the  ventricles  of  the  brain. 

Disuse  atrophy  occurs  in  muscles 
and  glands,  as  well  as  in  bones,  skin, 
and  other  tissues,  and  is  due  to  non- 
use  of  the  tissues  in  question.  In  the 
case  of  muscles  and  glands  the  atrox)hy 
is  essentially  active,  but  as  the  result  of 
their  functional  inactivity  there  is  at 
the  same  time  a  considerable  diminution 
in  their  nutritive  activity  and  in  the 
activity  of  the  circulation  in  them.  In 
the  other  tissues  the  atrophy  is  chiefly 
due  to  a  lowering  of  the  nutrition  of  the 
unused  parts,  though  it  is  impossible  to 
quite  eliminate  from  consideration  a 
change  in  the  power  of  assimilation  of 
the  cells.  ^Yhen  the  disuse  is  operative 
during  the  developmental  period,  and 
the  tissue  is  on  that  account  poorly 
nourished  and  undergoes  but  an  imper- 
fect development,  the  resulting  condi- 
tion is  properly  regarded  as  one  of  hypoplasia;  and  yet  it  is  impossible 
sharply  to  separate  this  condition  from  one  of  atrophy,  since  in  hypo- 
plasia there  may  be  also  a  disappearance  of  structures  which  had  un- 
dergone a  certain  degree  of  development. 

Neuropathic  atrophy  is  a  result  of  diseased  conditions  of  the  ner- 
vous system,  and  is  apparent  most 
often  in  a  rapid  atrophy  of  the  nerves 
and  muscles,   though    it  may  also 
affect  any  of  the  other  tissues. 

Thus  disease  of  the  anterior 
horns  of  the  spinal  cord  or  of  the 
motor  roots  is  followed  by  atrophy 
of  the  corresponding  nerves  and 
muscles.  Injury  of  the  peripheral 
nerves  is  commonly  followed  by 
atrophy  of  the  skin.  Numerous 
authors  maintain  that  after  the 
nerve-trunks  of  one  side  of  the  face 
have  become  diseased,  a  neuropafJuc 
atrophy  of  the  corresponding  side  of 
the  face  (Fig.  64)  may  take  place, 
and  yet  there  are  many  other  au- 
thorities  (e.g.,   Möbius)  who  deny      ^'^'  ^--^^^^^^  ^Tn^m^l)   ^^^"^  "'^'^^^ 


Fig.  53.— Pressure  atrophy  of  the  spinal 
column,  caused  by  the  encroachment  of  an 
aneurism  of  the  aorta. 
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that  this  atrophy  is  of  a  neuropathic  nature.  Unilateral  affections  of 
the  brain  during  foetal  life  or  during  childhood  may  lead  to  atrophy  of 
the  opposite  half  of  the  body  {congenital  and  infantile  hemiatrophy). 

In  all  these  pathological  alterations  of  neuropathic  origin  we  very 
often  have  to  deal  not  with  true  atrophies,  but  with  various  degenerative 
processes ;  and  the  term  atrophy  as  applied  to  them  is  justifiable  only 
to  this  extent,  namely,  that  the  ultimate  result  of  the  process  is  an  atro- 
phic condition  of  the  affected  parts.  The  causes  of  the  degenerative 
processes  are  found  in  part  in  vaso-motor  disturbances,  in  part  in  loss 
of  function,  and  in  part  in  severance  of  the  affected  tissues,  the  nerves, 
from  their  centres  in  the  spinal  cord  or  brain. 


V.  Cloudy  Swelling  and  Hydropic  Degeneration  of  Cells. 

§  57.  The  term  cloudy  swelling,  ox  parencliymatous  degeneration,  or 
granular  degeneration,  was  proposed  by  Yirchow  to  indicate  a  condition 
of  swelling  and  enlargement  of  cells  resulting  from  absorption  of  vari- 
ous extraneous  substances.  He  characterized  it  as  a  kind  of  hypertro- 
phy with  tendency  to  degeneration.  At  all  events,  the  greatest  weight 
is  to  be  laid  upon  the  degenerative  character  of  the  change.  Histolog- 
ically the  process  is  characterized  by  the  formation  of  fine  granules 
within  the  bodies  of  the  swollen  cells— for  example,  in  kidney  epithe- 
lium, liver-cells  (Fig.  ^5),  or  heart-muscle.  Their  microchemical  reac- 
tions (solubility  in  acetic  acid,  insolubility  in  alkalies  and  ether)  would 
indicate  the  albuminous  nature  of  these  granules.  Their  presence  gives 
to  the  cell  a  cloudy,  granular  appearance,  and  at  the 
same  time,  as  the  result  of  swelling,  the  normal  struc- 
ture and  form  of  the  cell  are  lost.  Thus  in  cloudy 
swelling  of  the  tubular  epithelium  of  the  kidney  the 
rod-like  markings  of  its  protoplasm  (Fig.  5Q,  a)  and 
the  cell-processes  extending  into  the  lumen  of  the 
tubule  disappear,  the  cell  becomes  larger  {h,  c,  d),  i/^^of^'i7v^e?^^ITis" 
and  dark  granules  make  their  appearance  throughout  (scraped  from  the  cut 
its  substance.  This  change  is  to  be  regarded  as  a  ?,S^  who  ^hld'med^of 
disorganization  of  the  cell-protoplasm  following  the  in^saifTofutionT^Ma^^ 
absorption  of  liquid  into  its  substance,  and  leading  nmed  350  diameters. 
to  a  partial  separation  of  its  solid  and  liquid  constit- 
uents. The  nucleus  not  infrequently  'participates  in  these  changes,  under- 
going a  similar  disorganization. 

Kecovery  from  a  moderate  degree  of  this  degeneration  is  quite  pos- 
sible, in  which  case  the  cell  is  restored  to  its  normal  condition;  but 
often  there  is  a  complete  destruction  of  the  cell,  which  then  ultimately 
breaks  up  into  finely  granular  fragments.  Fatty  degeneration  is  fre- 
quently associated  with  the  degeneration  under  discussion. 

Cloudy  swelling  occurs  in  the  cells  of  nearly  all  the  parenchymatous 
organs  in  the  course  of  the  majority  of  the  infectious  diseases,  particu- 
larly in  scarlatina,  typhoid  fever,  variola,  erysipelas,  diphtheria,  septi- 
caemia, etc.  Organs  thus  affected  present  a  cloudy,  less  shining  appear- 
ance than  normal,  and  often  appear  gray.  When  the  lesion  is  very 
marked  the  tissue  has  the  appearance  of  having  been  boiled,  its  blood- 
content  is  generally  very  small,  its  consistence  is  doughy,  and  the  finer 
details  of  its  structure  are  lost. 

§  58.   The  term  hydropic  degeneration  is  very  properly  applied  to  a 
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change  frequently  observed,  in  cells  of  different  kinds,  whereby  they 
become  swollen  as  the  result  of  imbibition  of  liquid.     When  epithelial 


'^^Z-' 


56. — Cloudy  swelling  of  kidney  epithelium.  (Ammonium  Chromate ;  frlycerin.)  a.  Normal  epithelium; 
b,  epithelium  beginning  to  be  cloudy;  c,  advanced  degeneration;  (?,  cast-off  degenerated  epithelial  cells. 
JVIagnifled  600  diameters. 


cells  undergo  this  degeneration  the  cell-contents  appear  clear,  the  x^roto- 
plasm  granules  being  jjressed  apart  by  the  imbibed  liquid,  and  often 
being  present  only  as  a  granular  ring  at  the  periphery  of  the  cell ;  the 
cells  thus  coming  in  a  measure  to  resemble  i:>lant-cells  (Fig.  51,  h) .  Oc- 
casionally distinct  vacuoles  {b)  are  formed — i.e.,  globular  drops  of  clear 

liquid  in  the  cell-protoplasm. 
The  nucleus  (c)  also  becomes 
swollen,  and  may  be  indi- 
cated merely  by  a  large  glo- 
bule with  liquid  contents. 
When  muscle  is  the  affected 
tissue,  clear  droplets  of  liq- 
uid appear  between  the 
fibrils,  pressing  them  apart 
(Fig.  58;  Fig.  59,  o,  &;  and 
Fig.  Q)Q>,  c),  so  that,  when  the 
disease  is  extensive,  the  for- 
mation of  the  clear  round 
spaces  may  give  to  the  mus- 
cle a  distinctly  bubbly  ap- 
pearance (Fig.  58).  For  a 
time  the  muscle-fibrils  be- 
tween these  drops  may  remain  unchanged,  but  with  a  continuance  of 
the  process  they  degenerate  and  undergo  liquefaction. 

Hydropic  degeneration  may  be  the  result  of  oedema  (Figs.   58  and 


Fig.  57.— Hydropic  degeneration  of  epithelial  cells,  from  a 
carcinoma  of  the  breast.  (MüUer's  fluid ;  aniline  brown. )  a , 
Ordinary  epithelial  cell ;  Jb,  hydropic  cells,  with  bladder-like 
drops  of  fluid  (physalides)  in  their  interior ;  c,  hydropic  nu- 
clei ;  d,  enlarged  nucleoli ;  e,  wandering  cells.  Xagnifled 
300  diameters. 
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59),  or  it  may  occur  in  iuflammatorv  conditions  or  in  tumors  (Fig.  57). 
When  it  results  from  inflammation  its  degenerative  character  is  usually 
much      more     pronounced      than 
when  it  occurs  merely  as  an    ac- 
companiment   of    oedema,    and  it  ^  *^^^— ^ 
may  then  lead  to  complete  disin- 
tegration of  both  the  cells  and  the 
nuclei.     In  oedematous  conditions 


I 


Fig.  .58.  —  Hydropically    degenerated     muscular  Fig.  59.— Transverse  section  of  a  bundle  of  mus- 

flbres,  from  the  gastrocnemius  of  a  patient  suffering  ciüar  fibres  in  a  state  of  hydropic  degeneration, 
from  chronic  oedema  of  the  legs.  (Flemming's  mix-  ( Müll er's  fluid  ;  haematoxylin.)  a.  Muscular  fibres 
ture ;  safranln.)    Magnified  45  diameters.  with  small  drops  of  fluid ;  h,  fibres  with  large  drops. 

Magnified  66  diameters. 

the  cells  often  remain  alive  for  a  very  considerable  time,  notwithstand- 
ing their  hydropic  condition. 

VI.   Lipomatosis,  Atrophy  of  Adipose  Tissue,  and  Fatty  Degenera= 

tion  of  the  Tissues. 

§  59.  Certain  of  the  tissues  contain,  under  normal  conditions,  a  con- 
siderable amount  of  fat,  which  is  present  in  their  cells  in  such  amount 
as  to  be  readily  recognizable  by  the  naked  eye.  This  fat  has  its  origin 
in  the  fat  ingested  with  the  food,  or  has  been  formed  in  the  body  from 
albumin  and  carbohydrates,  and  has  then  been  deposited  in  the  tissues 
in  which  it  is  found. 

When  the  ingestion  of  fat  or  of  fat-forming  substances  is  abnormally 
great,  or  the  body  is  unable  to  make  proper  use  of  the  fat  consumed  or 
elaborated  in  it,  a  disturbance  of  the  balance  between  fat-production  and 
fat-consumption  results,  leading  to  an  increase  of  the  storing  of  fat  in  the 
body,  and  in  time  interfering  with  the  performance  of  its  functions,  and 
thereby  assuming  pathological  importance.  This  inordinate  accumula- 
tion of  fat  leads  to  the  condition  termed  obesity,  or  adiposity,  or  lipoma- 
tosis. 

The  tissues  in  which  fat  is  normally  present  are  the  first  to  be  affected 
in  this  process,  and  consequently  the  subcutaneous  fat-tissue,  the  fat 
underlying  the  serous  membranes,  the  marrow  of  the  bones,  and  the 
liver  suffer  first  (Fig.  60,  h).  Subsequently  fat  appears  in  tissues  of 
which  it  is  not  a  normal  constituent,  as,  for  example,  in  the  connective 
tissue  between  the  muscle-fibres  of  the  heart,  in  the  endocardium  of  the 
ventricles  and  auricles,  in  the  intermuscular  connective  tissue  of  the 
skeletal  muscles  (Fig.  61),  etc. 

In  connective-tissue  cells  and  in  the  hepatic  cells  the  fat  is  deposited 
in  the  form  of  small  drops  (Fig.  62,  a,  h),  which  soon  coalesce  to  form 
larger  drops,  ultimately  replacing  the  entire  cell-body  and  converting 
it  into  a  spheroidal  mass  of  fat. 

The  causes  of  the  pathological  deposition  of  fat  [lipomatosis)  are  to 
be  found  in  a  congenital  predisposition  on  the  part  of  the  tissues,  and 
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in  certain  disorders  of  the  vital  processes.  Tltat  variety  of  lipomatosis 
icMcli  is  due  to  the  existence  of  a  congenital  predisposition  manifests  itself 
in  two  forms,  viz.,  as  a  general  obesity  and  as  one  that  is  confined  to 
certain  limited  areas.  In  general  obesity  the  adipose  tissue  everywhere 
throughout  the  body  is  increased  in  volume.  In  the  limited  forra  of 
obesity, — the  tumor-like  accumulations  of  fat  are  here  left  out  of  the  con- 
sideration,— the  excessive  development  of  fat  is  most  often  confined  to 
the  muscles  of  the  lower  extremities  (Fig.  61).  These  muscles  increase 
in  volume,  but  at  the  same  time  they  lose  a  part  of  their  fibres  (atrophia 
musculorum  lipomatosa  pseudohyi)ertrophica). 

Among  the  disordered  vital  processes  irhich  lead  to  a  patliologiccd  accn- 
midation  of  fat  must  be  mentioned:  first,  a  luxurious  mode  of  living  ; 
second,  overtaxing  of  one' s  physical  strength;  and  third,  marasmus,  such 
as  is  observed  especially  in  connection  with  chronic  tuberculosis.  In 
the  first  of  the  conditions  named  the  fat  will  be  distributed  generally 
throughout  the  body ;  whereas  in  the  last  the  accumulation  of  fat  is  gen- 
erally restricted  to  the  liver  (Fig.  60),  where  it  lends  to  the  tissues — at 
least  those  in  which  the  fat  is  deposited— a  light  yellowish-brown  or  a 
straw-yellow  color.  The  cause  of  the  fat-accumulation  in  the  first- 
named  condition  is  the  excess  of  nutritive  material  taken  into  tlie  sys- 
tem, whereas  in  the  last-named  it  is  tiie  inability  of  the  organism  to 
decompose,  in  sufficient  quantity,  the  fat  received  into  the  body  or 
already  stored  there. 

If,  through  a  diminution  in  the  amount  of  nourishment  taken  into 
the  body,  or  through  a  deficient  formation  of  fat  in  the  body,  or,  finally, 
through  an  increased  activity  in  the  metabolic  processes,  the  quantity 
of  fat  which  belongs  normally  to  the  body  is  lost,  then  an  atrophy 
of  the  fat  tissue  will  be  established.  In  this  condition,  while  the 
processes  of  absorption  and  decomposition  of  the  fat  are  going  on,  that 


Fig.  60.— Fatty  liver  from  a  man  who  died  of  pulmonary  tuberculosis.  (Flemming's  preparation  ;  safra- 
nin.)  a.  Central  portion  of  a  lobule  ;  7j.  peripheral  zone,  characterized  by  the  presence  of  fat ;  c,  periportal 
connective  tissue.    Magnified  30  diameters. 


which  remains  in  the  cells  again  breaks  up  into  small  globules,  and  the 
connective-tissue  cells  are  again  converted  into  small  connective-tissue 
cells.     If,  after  the  fat  has  largely  disappeared  from  the  spaces  between 
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the  shrinking  fat-cells,  a  serous  fluid  finds  its  way  into  the  tissues,  the 
fat-tissue — as  can  be  seen  with  special  frequency  in  the  panniculus  adi- 
posus  of  the  heart — assumes  a  translucent  appearance,  not  unlike  that 


Fig.  61.— Liporaatosis  of  the  muscles  of  the  calf  of  the  leg,  together  with  atrophy.  (Miiller's  fluid ;  car- 
mine.) Transverse  sections  of  a  normal  (a)  and  an  atrophied  («i)  muscular  fibre;  aa,  transverse  section  of  a 
tubular  sarcolemma  containing  contractile  substance  in  a  condition  of  disintegration ;  h,  bands  of  connective 
tissue;  c.  fat-tissue.    Magnified  60  diameters. 

of  mucous  tissue.  Hence  the  name,  which  is  often  applied  to  this  con- 
dition, of  serous  atrophy  of  fat-tissue.  If,  while  these  fat-cells  are  under- 
going atrophy,  pigment  is  deposited  in  them,  the  tissue  in  which  they 
lie  will  assume  a  yellowish  or  yellowish-brown  color, — a  condition  to 
which  the  term  pigment-atrophy  of  fat-tissue  has  been  applied. 

According  to  Voit,  the  body  may  store  up  fat  directly  from  the  fat  contained  in  the 
ingested  food,  or  it  may  elaborate  it  fi-om  absorbed  fatty  acids  by  a  process  of  synthesis 
with  glycerin,  or  from  albumin  and  carbohydrates.  The  important  factor  in  the  metab- 
olism of  nutrition  is  not  the  oxygen  of  the  blood,  but  the  cell  itself,  whose  protoplasm 
possesses  the  power  to  convert  complex  chemical  compounds  into  simpler  ones.  The 
substances  most  readily  lending  themselves  to  this  change  are  the  albumin  brought  to 
the  cell  insoluble  form  and  the  carbohydrates.  Fat  is,  on  the  other  hand,  resistant,  both 
that  directly  absorbed  from  the  food  and  that  formed  in  the  body.  Now,  when  fat  is 
supplied  to  the  cell  in  excess,  or  when  the  metabolic  potential  of  the  cell  is  lowered  so 
that  it  is  unable  to  further  decompose  the  fat  which  it  elaborates  from  the  albumin 
brought  to  it,  fat  of  necessity  remains  in  its  protoplasm.  When  these  two  influences 
act  in  combination,  the  effect  is  of  course  greater.  Improved  nutritive  conditions,  ex- 
ercise, and  elevation  of  the  body-temperature  increase  the  metabolic  activity  of  the 
cells,  while  it  is  diminished  by  alcohol,  morphine,  and  quinine.  Obesity  depends  on 
assimilation  of  food  in  excess  of  the  ability  of  the  body  to  make  use  of  it.  In  its  pro- 
duction the  metabolic  power  of  the  cells  of  the  body  as  a  whole  maybe  normal,  or  it  may 
be  diminished  as  the  result  of  weakness  or  diminution  in  number  of  the  cells.  The  ac- 
cumulation of  fat  which  is  often  noticed  in  antemia  is  explained  on  the  ground  of 
diminution  in  the  cell-mass  of  the  body,  resulting  in  diminished  metabolic  power.  The 
deposit  of  fat  in  the  intermuscular  connective  tissue  of  atrophied  muscles  would  appear 
to  be  a  direct  result  of  the  diminished  metabolic  changes  in  the  paralyzed  muscle-tissue. 

According  to  Gautier  the  metabolism  of  proteids  in  ihe  cell  occurs  in  two  stages. 
In  the  first,  the  stage  of  ferment-action  without  oxidation,  or  of  hydrolytic  separation, 
uric  acid  or  analogous  substances  (urates  and  creatin  derivates)  are  formed  from  the 
protoplasm,  the  carbohydrates  at  the  same  time  being  converted  into  fats.  In  the  second 
stage,  that  of  oxidation,  the  sugars  and  fats  disappear,  both  those  originally  derived 
from  the  food  and  those  resulting  from  the  metabolism  of  proteids.  The  carbohytlrates 
are  in  part  oxidized,  but  the  greater  part  of  them,  particularly  during  muscular  inac- 
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tivity,  are  converted  into  fat  by  a  simple  fermentative  process  in  the  course  of  which  a 
large  amount  of  carbonic  acid  is  liberated.  Ultimately  the  fats  also  undergo  oxidation 
and  disappear. 

§  60.  The  term  fatty  degeneration  is  applied  to  a  form  of  cell-degen- 
eration in  which  fat  is  formed  from  the  albumin  of  the  cell-body — that 

is,  from  organic  albumin;  the 
fat  thus  formed  manifesting 
itself  in  the  shape  of  granules 
and  drops  of  different  sizes 
within  the  cell-body. 

Cells  which  are  in  the 
condition  of  fatty  degenera= 
tion  always  contain  easily 
recognizable  drops  of  {iregiilcr 
size,  colorless,  highly  refract- 
ing (Fig.  62,  c,  cJ,  e,  /,  and 
Fig.  63),  insoluble  in  acetic 
acid,  soluble  in  alcohol  and  in 
ether.  Perosmic  acid  stains 
these  droplets  black  (Fig.  64, 
h,  and  Fig.  65,  A,  B,  C) ;  this 
coloration  being  due  to  the  fact  that  the  fat  reduces  the  osmium  tetra- 
oxide  to  a  black  osmium  hydrate.  Their  number  and  size  vary  greatly, 
though  the  largest  rarely  attain  great  size.  Thus  heart-muscle  in  a  con- 
dition of  fatty  degeneration  (Fig.  63 ;  Fig.  64,  6 ;  and  Fig.  66,  b)  shows 
minute  fat-droplets  scattered  through  its  substance,  varying  in  number 
with  the  intensity  of  the 
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Fig.  63.— Fat-containing  liver-cells, 
tion ;  c,  cl,  e,  /,  fatty  degeneration. 
eters. 
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a,  h,  Fat-innitra- 
Magnifled  UM.)  diam- 


FiG.  63, 
the  heart. 


-Fatty  degeneration  of  the  muscular  tissue  of 
Magnified  350  diameters. 


process,  but  which  sel- 
dom become  conglome- 
rated together  to  form 
large  drops. 

A  similar  appearance 
is  presented  by  liver-cells 
(Fig.  62,  c,d)  and  by  the 
tubular  epithelium  of  the 
kidney  (Fig.  65,  A,  B) 
when  undergoing  fatty 
degeneration,  though  it 
should  be  said  that  here 
the  fat-droplets  are  fre- 
quently of  greater  irregu- 
larity in  size,  and  when 
the  process  is  far  ad- 
vanced in  these  organs 
many  of  the  cells  may 
become  broken  up  into  a 
fatty  detritus  composed  of 
fine  granules  and  minute 
fat-droplets  (Fig.  62,  f). 

Fatty  degeneration 
affects  connective-tissue 
cells  (Fig.  65,  B,  C,  d) 

and  muscles,  as  well  as  epithelium.     When  many  cells  closely  associ- 
ated are  affected,  the  condition  is  usually  readily  recognizable  with  the 
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Fig.  64.— Marked  fattv  degeneration  (chronic)  of  the  heart. 
(Flemming's  mixture ;  safranin.)  a.  Healthy  muscular  tissue :  b,  - 
places  where  the  muscle  has  undergone  fatty  degeneration.  Mag- 
nified 80  diameters. 
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Fatty  degeneration  of  the  renal  epi- 
thelial cells,  the  capillary  endothelia,  and  the 
leucocytes,  in  diphtheria.  (Flemming's  mixture ; 
safranin.)  A,  Uriniferous  tubule,  lined  with 
epithelium  (a)  in  a  state  of  fatty  degeneration, 
and  containing  a  hyaline  cast  (/>),  both  shown  in 
transverse  section:  B,  intertubular  capillaries; 
C,  border  of  a  glomerulus  containing  fatty  epi- 
thelial cells  (c)  and  capillaries  (d)  in  the  interior 
of  which  are  fatty  cells ;  e,  Bowman's  capsule. 
Magnified  300  diameters. 


naked  eye;  the  more  readilj-,  of  course,  the  more  intense  the  process, 
the  less  striking  the  color  of  the  tissue  involved,  and  the  smaller  its 
blood-content.  Colorless,  transpar- 
ent tissues,  like  the  intima  of  the 
heart  and  of  the  vessels,  assume  an 
opaque,  whitish  appearance;  the 
cortical  substance  of  the  kidney  be- 
comes grayish,  and  when  the  process 
is  intense,  even  yellowish-white  and 
opaque;  the  heart-muscle  presents 
a  yellowish  and  sometimes  also  a 
spotted  appearance  (this  latter  condi- 
tion being  due  to  the  existence  of 
localized  areas  of  isitty  degeneration 
[Fig.  64]),  and  even  the  skeletal  mus- 
cles may  come  to  have  a  pale  yellow- 
ish-brown color. 

The  cells  contained  in  liquids — as, 
for  example,  those  in  i)us — frequently 
undergo  extensive  fatty  degeneration, 
ending  usually  in  the  disintegra- 
tion of  the  cell.  The  same  is  true 
of  the  cells  of  coagulated  exudates. 

Fatty  degeneration  would  appear  to  depend  in  part  upon  a  change 
both  in  the  supply  and  in  the  composition  of  the  blood,  consequently 
in  the  nutritive  substance  brought  to  the  cells, — and  in  part  upon  a  low- 
ered vitality  of  the  cells  themselves.  An  important  part  in  its  production 
is  undoubtedly  played  by  persistent  diminution  in  the  supply  of  oxygen  to 

the  cells,  as  a  result  of  which 


an  increase  takes  place  in  the 
breaking  down  of  albumin; 
and  this  latter  change  in  turn 
is  accompanied  by  the  pro- 
duction of  fat  and  by  the 
excretion,  by  way  of  the 
urine,  of  the  nitrogenous  pro- 
ducts of  the  breaking-down 
process.  Accordingly,  fatty 
degeneration  may  be  observed 
in  a  variety  of  diseases,  as, 
for  example,  in  acute  anaemia 
following  any  considerable 
loss  of  blood  (fatty  degenera- 
tion of  heart  and  optic  nerve)  ; 
in  chronic  anaemia  and  leukae- 
mia (organs  affected:  heart, 
liver,  intima  of  the  blood- 
vessels); in  narrowing  and 
occlusion  of  arteries  (part 
affected :  the  area  supplied  by 
the  narrowed  vessel);  in  per- 
poisonings,   as    by  camphor, 


Fig.  66.— Fatty  degeneration,  the  formation  of  vacuoles, 
and  the  disorganization  of  the  muscular  tissue  of  the  heart, 
in  a  patient  who  died  from  pneumonia  and  nephritis.  (Flem- 
ming's mixture  ;  safranin.)  a,  Transverse  section  of  a  nor- 
mal muscle  cell ;  h,  muscle  cell  in  a  state  of  fatty  degeneration; 
c,  muscle  cell  containing  vacuoles;  d,  disorganized  cell. 
Magnified  400  diameters. 


sistent  venous  congestions;    in  various 

arsenic,  chloroform,  and  certain  vegetable  fungi  (parts  affected:  heart 

liver,  kidneys,  and  blood-vessels — esi^ecially  the  capillaries) ;  in  several 
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of  the  infectious  diseases,  such  as  diphtheria  (kidneys,  leucocytes,  and 
heart),  pneumonia  (kidneys,  heart  [Fig.  66,  h]) ;  and  in  chronic  ulcerous 
pulmonary  tuberculosis  (kidneys). 

In  the  infectious  diseases  the  fatty  degeneration  which  takes  place  in 
glandular  organs,  in  leucocytes,  and  in  the  heart,  may  be  attributed  pri- 
marily^ to  the  effect  of  the  poisons  of  these  diseases.  It  must  be  remem- 
bered, however,  that  an  elevated  body -temperature,  if  continued  for  a 
long  time,  may  also  produce  fatty  degeneration  of  the  organs. 

Cells  which  become  detached  from  their  natural  positions  and  are 
transferred  to  some  new  situation  among  the  tissues,  are  also  very  apt  to 
undergo  fai;ty  degeneration ;  and  the  same  is  true  in  regard  to  cast-off 
epithelial  cells  and  connective-tissue  cells,  and  in  regard  to  leucocytes 
which,  in  the  course  of  an  inflammation,  have  left  the  blood-vessels. 
Furthermore,  a  large  part  of  the  cells  which  are  produced  in  the  course 
of  the  proliferative  activity  incident  to  inflammatory  and  regenerative 
processes,  and  of  those  which  are  developed  in  tumors,  die  after  passing 
through  the  stage  of  fatty  degeneration;  and  the  chief  reason  why  this 
happens  is,  that  the  nutrition  which  they  receive  is  insufficient. 

This  fatt}^  degeneration  of  the  cells  is  usually  the  only  histological 
change  which  we  are  able  to  demonstrate.  Nevertheless,  fatty  degen- 
eration may  be  combined  with  other  degenerative  alterations.  The  most 
frequent  comhination  is  that  of  douchj  swelling  and  granular  degeneration 
loitli  fatty  degeneration ;  and  we  may  also  encounter /a  f/y  degeneration  i)i 
comhination  icith  hydropic  degeneration  and  the  fonnation  of  vacuoles  (Fig. 
66,  c).  Both  of  these  combinations  are  observed  in  cases  of  poisoning 
and  in  inflammations  of  the  tissues.  As  a  general  rule,  fatty  degenera- 
tion of  the  cells  is  associated  with  a  variety  of  degenerations  of  the 
ground  substance  or  framework  (e.g.,  with  amyloid  degeneration  of  the 
connective  tissue  [compare  §  66,  Fig.  81]). 

The  question  whether  the  fat  which  is  found  in  the  cells  of  an  organ  is  tlie  product 
of  a  degeuerative  process  or  merely  represents  an  accumulation,  is  one  which  is  easily 
determined  in  most  cases.  It  is  only  in  a  few  instances  that  the  problem  is  a  difficult 
one  to  solve.  It  is  generally  assumed  that  in  degenerative  atrophy  the  fat  occurs  in  the 
form  of  small  drops,  which  show  no  disposition  to  run  together,  whereas  in  a  simple 
accumulation  of  fat  the  tendency  is  to  form  large  drops.  This  assumption  is  true  as  re- 
gards the  majority  of  tissues,  but  not  as  regards  all  of  them.  It  applies,  for  example,  to 
transversely  striated  muscles,  to  those  of  the  heart,  to  non-striated  muscles,  to  glia  cells, 
etc.  On  the  other  hand,  drops  of  fairly  large  size  are  found  in  fatty  degeneration  of  the 
renal  epithelium,  and  when  the  liver  is  theseat  of  this  pathological  change,  both  small 
and  large  drops  will  be  found  (e.g..  in  phosphorus  poisoning  and  in  acute  yellow  atrophy 
of  the  liver). 

In  addition  to  these  facts  it  must  not  be  forgotten  that,  even  in  simple  accumulation 
of  fat,  this  material  is  deposited  first  in  the  form  of  very  small  drops,  and  that  at  a  later 
period,  when  the  accumulated  fat  begins  to  be  absorbed,  the  large  drops  break  up  into 
small  globules. 

If  from  a  mere  histological  examination  we  are  unable  to  make  a  correct  diagnosis, 
the  locality  in  which  the  fat  is  found  ought,  as  a  rule,  to  throw  some  light  upon  the 
question.  Thus,  for  example,  if  fat  drops  are  found  in  cells  which  normally  contain  no 
fat,  and  if  the  circumstances  are  such  that  we  can  exclude  an  increased  supply  of  this 
material,  it  may  safely  be  concluded  that  it  comes  from  cell-albumin,  or.  in  other  words, 
that  the  cells  of  the  part  are  undergoing  disintegration.  It  is  only  when  we  are  dealing 
with  tissues  which,  on  the  one  hand,  normally  serve  as  places  of  deposit  for  fat,  and,  on 
the  other,  are  prone  to  undergo  fatty  degeneration  (the  tissues  of  the  liver,  for  example), 
that  any  serious  difficulty  is  experienced.  It  is  often  hard  to  determine,  in  the  case  of 
the  organ  mentioned,  just  how  much  of  the  fat  observed  has  originated  at  the  spot,  and 
how  much  of  it  has  been  brought  there  as  a  mere  deposit.  The  difficulties  are  still 
further  enhanced  by  the  fact  that  fat  which  has  been  produced  by  a  process  of  degenera- 
tion may  be  transported  and  lodged  in  certain  spots  as  distinct  deposits  or  in  the  form 
of  an  infiltration. 
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It  is  not  an  exceptional  thing  to  find,  in  a  disintegrating  tissue,  and  particularly  in 
disintegrating  brain  or  spinal-cord  tissue,  cells  which  are  entirely  filled  with  fat  globules 
and  at  the  same  time  are  more  or  less  enlarged.  Owing  to  the  appearance  which  these 
cells  present,  they  have  been  designated  as  fat=granuIo  ceHs  (Fig.  67,  a)  or  fat-granule 
globules.  Many  authorities  have  considered  these  large  fat-granule  globules  to  be  tissue 
cells  which  have  undergone  fatty  degeneration — or,  in  the  case  of  the  brain,  to  be  gan- 
glion cells  and  glia  cells  which  have  undergone  fatty  degeneration.  This,  however,  is 
not  the  correct  view.  The  genuine  fat-gTanule  globules  or  cells  are  not  the  permanent 
tissue-cells  which  have  undergone  fatty  degeneration,  but  rather  amoeboid  leucocytes  and 
the  offspring  of  proliferating  permanent  tissue-cells,  which  have,  in  their  phagocytic 
activity,  taken  up  into  themselves  either  the  fatty  products  of  the  disintegration  of  a 
tissue  (the  spinal  cord,  more  particularly)  or  else  fat  in  a  dissolved  state  (which  after- 
ward, within  the  leucocyte  or  newly  produced  cell,  reassumed  the  form  of  drops). 

A  cell  which  presents  appearances  of  fatty  degeneration  in  its  protoplasm  should, 
as  a  rule,  be  considered  in  the  light  of  a  cell  which  has  to  a  certain  extent  begun  to  de- 
generate ;  and,  as  a  matter  of  fact,  this  degeneration  very  often  terminates  in  the  de- 
struction of  the  cells  which  are  thus  affected.  And  yet,  on  the  other  hand,  one  may 
often  note  the  fact  that  cells  which  possess  a  protoplasm  that  is  in  a  fatty  state,  display 
karyokinetic  figures — an  evidence,  therefore,  that  in  these  cells  formative  vital  processes 
are  still  at  work.  In  other 
words,  these  cells,  so  long 
as  their  nuclei  remain  in- 
tact, may  be  restored  again 
to  an  integi-al  condition. 

According  to  the  inves- 
tigations of  Starke,  osmium 
tetraoxide  is  reduced  only 
by  olein  or  by  oleic  acicl, 
whereas  palmitin  and  ste- 
arin are  not  capable  of 
directly  producing  this  re- 
duction ;  they  simply  bind 
or  fix  the  osmic  acid.  How- 
ever, a  reduction  of  the 
osmium  tetraoxide  which  is 
thus  bomid  to  the  palmitin 
and  stearin  fats,  will  take 
place  when  the  material  is 
transferred  to  alcohol. 

Fig.  67.  —Fat-granule  cells  from  an  Ischemic  centre  of  softening  in 

o  />-»         rm  J-      ^  the  brain.    (MarcM's  fluid.)     a,  Fat-granule  ceUs;  b,  blood-vessel. 

$5  61.       The        I  a  t  S       Magnified  280  diameters. 

which  occur  in  the  hu- 
man body  are  mixtures  of  olem,  palmitin,  and  stearin.  The  first  of  these 
is  liquid  at  the  ordinary  temperature,  the  second  melts  at  46°  C,  ste- 
arin at  53°  C.  Since  the  fatty  portions  of  various  regions  of  the  body 
contain  these  fats  in  different  proportions,  there  is  considerable  variety 
as  regards  their  firmness  and  melting-point.  As  fat  is  insoluble  in 
water  and  aqueous  liquids,  that  contained  in  the  cells  of  the  body  or 
h'ing  free  among  the  tissues  is  not  dissolved  by  their  juices.  At  most, 
only  traces  of  it  can  be  dissolved  in  the  blood,  lymph,  chyle,  and  bile, 
which  contain  small  quantities  of  soaps.  When  the  body  is  cooled  after 
death  to  a  point  below  the  melting-point  of  the  contained  fats,  the  pal- 
mitin and  stearin  separate  in  the  form  of  fine  star-shaped  or  feathery 
needles  (Fig.  68,  h,  c,  d),  which  are  commonly  called  margarin  crystals, 
and  which  are  often  found  both  in  fat-cells  and  free  in  the  tissue- 
liquids. 

Cholesterin  in  the  form  of  thin  rhombic  plates,  often  with  irregular 
corners  and  edges  (Fig.  68,  a),  is  frequently  deposited  in  areas  of  fat- 
containing  detritus  which  may  have  originated  from  extravasated  blood 
or  from  degenerated  masses  of  cells.  This  may  occur,  for  example,  in 
the  tunica  vaginalis  testis,  in  a  dilated  sebaceous  duct  or  gland,  or  in  a 
softened  area  of  the  intima  of  a  diseased  aorta.  When  the  substance  in 
11 
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which  these  Cholesterin  plates  form  is  liquid,  they  may  often  be  visible 
to  the  naked  eye  as  little  glistening  scales. 

Cholesterin  is  a  constant  ingredient  of  the  bile,  which  is  furnished 
by  the  mucous  membrane  of  the  gall-bladder  and  gall-ducts,  and  in 
which  the  Cholesterin  is  held  in  solution  by  the  bile  salts  and  soaps. 
It  occurs  also  in  the  medullary  sheath  of  nerve-fibres,  and  in  small 
amount  in  the  blood,  where  it  is  similarh^  held  in  solution  by  the  fats 
and  soaps.  Burchard  believes  it  to  be  present  in  small  amount  in  all 
the  organs. 

Water,  dilute  acids,  caustic  alkalies,  and  cold  alcohol  fail  to  dissolve 
Cholesterin,  which  is,  however,  soluble  in  boiling  alcohol,  ether,  chloro- 
form, and  benzol. 

When  treated  with  a  mixture  of  5  parts  concentrated  sulphuric  acid 
and  1  part  water,  Cholesterin  crystals  assume  a  deep  carmine-red  color, 
beginning  at  their  borders,  and  this  color  then  slowly  changes  into  ^do- 
let.     A  weaker  solution  (3  parts  sulphuric  acid,  1  i:)art  water)  causes  a 


Fig. 


-a,  Cholesterin  plates ;  7),  a  free  cluster  of  margarin  needles :  c,  needles  inclosed  in  fat-cells : 
grass-like  bundle  of  margarin  needles.    Magnifled  3(.K)  diameters. 


violet  coloration  of  the  edges  of  the  crystals.     Sulphuric  acid  containing 
a  trace  of  iodine  colors  the  crystals  violet,  blue,  green,  and  red. 

The  source  of  Cholesterin  is  not  clearly  understood.  It  is,  however, 
in  all  probability  an  intermediate  product  in  the  metabolism  of  proteids. 
Accordingly  it  is  encountered,  under  pathological  conditions,  in  tissues 
and  exudates  which  are  in  process  of  fatty  degeneration. 


VII.  The  Formation  and  Deposit  of  Glycogen  in  the  Tissues. 


§  62.  Glycogen  is  a  carbohydrate,  readily  convertible  into  sugar, 
which  is  obtained  chiefly  from  the  carbohydrates  of  the  food,  but  which 
may  also  be  formed  from  albumin  and  from  gelatin. 

Glycogen  is  found  in  the  tissues  as  a  hyaline  substance,  which  is  more 
often  situated  in  the  cell-bodies  than  elsewhere,  but  may  also  at  times 
lie  in  the  intercellular  spaces  of  the  tissue.  It  is  generally  found  in  the 
form  of  spherules  of  different  sizes,  and  in  the  cells  these  spherules 
usually  lie  rather  near  the  nucleus. 

Although  glycogen  is  soluble  in  water,  there  would  appear  to  be, 
according  to  Langhans,  some  difference  in  the  degree  of  its  solubilitj- 
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when  obtained  from  different  tissues ;  tliat  contained  in  the  liver,  kidney, 
muscles,  pus-corpuscles,  etc.,  being  distinctly  more  easily  soluble  than 
that  from  cartilage-cells  and  pavement  epithelium.  Hardening  of  tis- 
sues in  alcohol  makes  the  contained  glycogen  distinctly  less  soluble. 
The  glycogen  contained  in  the  liver  at  the  time  of  death  is  quickly  con- 
verted into  sugar  by  the  diastatic  ferment  of  the  liver. 

loduie  causes  glycogen  to  assume  a  hroiunisli-recl  color.  To  avoid  the 
solution  in  water  of  the  glycogen  contained  in  fresh  preparations,  it  is 
advisable  to  immerse  the  portions  of  tissue  for  examination  in  a  syrupy 
mixture  of  gum  and  iodine  (Ehrlich),  or  in  glycerin  to  which  a  little 
iodine  has  been  added  (Barfurth).  Sections  of  tissues  which  have  been 
hardened  in  alcohol  may  be  best  studied  after  treatment  with  a  dilute 
iodine  tincture  (1  part  tincture  of  iodine,  4  parts  absolute  alcohol)  and 
clearing  in  oil  of  origanum.  The  reaction  after  such  treatment  is  of 
considerable  duration. 

Glycogen  occurs  normally  in  the  liver,  in  the  muscles  (including  the 
heart-mascle),  in  the  leucocytes,  in  the  blood-serum  (Gabritschewski) , 
in  cartilage-cells,  and  in  almost  all  embryouic  tissues,  as  well  as  in  the 
foetal  membranes  of  young  embryos.  During  starvation  the  glycogen  of 
the  liver  undergoes  diminution,  and  under  pathological  conditions  it  may 
disappear  entirely. 

In  diabetes  there  is  a  deposit  of  glycogen  in  the  epithelium  of  the 
kidney,  particularly^  in  that  lining  Henle's  loops,  in  the  isthmus  of 
which  the  cells  are  commonly  almost  filled  with  it,  leaving,  after  solu- 
tion in  water,  clear  spaces  in  the  cell-bodies.  In  the  blood  of  diabetic 
patients  both  the  intracellular  and  the  extracellular  glycogen  is  increased. 

In  fresh  inflammatory  exudates  glycogen  may  be  present  in  the  pus- 
cells.  The  leucocytes  of  the  blood  contain  glycogen  in  excess,  more 
particularly  in  conditions  of  cachexia.  Glycogen  has  also  been  observed 
in  tumors  of  various  kinds,  as,  for  example,  in  the  epithelial  cells  of 
condylomata,  in  carcinomata  and  adenomata  of  the  testicle,  in  endothe- 
liomata,  in  myxosarcomata,  enchondromata,  and  sarcomata  of  bone,  and 
more  rarely,  also,  in  these  same  varieties  of  tumors  when  they  are  lo- 
cated in  other  tissues.  It  is  almost  never  found  in  tumors  of  the  breast 
(Langhans),  and  it  is  very  unusual  to  meet  with  it  in  carcinomata  of  the 
stomach  or  intestine,  and  in  tumors  of  the  ovary,  of  the  kidney,  and  of 
lymph-nodes.  It  is  also  absent  from  fibromata,  lipomata,  myxomata, 
osteomata,  angiomata,  and  leiomyomata,  and  from  the  tissue  of  the  infec- 
tious granulomata. 

According  to  Langhans,  glycogen  is  met  with  in  the  epithelium  of 
the  body  and  portio  vaginalis  of  the  uterus,  but  is  absent  from  the  tubes 
and  is  very  scanty  in  the  cervix.  It  is  also  present  in  the  epithelium  of 
the  vagina  and  in  those  tumors  of  the  portio  vaginalis  and  of  the  vagina 
which  contain  stratified  epithelium.  Carcinomata  of  the  uterus  rarely 
contain  more  than  minute  traces  of  glycogen. 

VIII.  riucous  Degeneration. 

§  63.  flucous  degeneration  has  its  physiological  -prototype  in  the 
production  of  mucus  by  the  mucous  membranes  and  mucous  glands,  and 
in  the  forrhation  of  mucus  in  the  connective  tissue  of  the  umbilical  cord, 
of  tendons,  of  bursse,  and  of  synovial  membranes.  In  the  umbilical  cord 
the  mucus  occurs  as  a  jelly-like  matrix;  in  the  joints,  bursse,  and  tendon- 
sheaths  it  forms  a  stringy,  clear  liquid. 
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The  formation  of  mucus  in  mucous  membranes  takes  place  in  epithe- 
lial cells,  called  beaker-  or  goblet-cells  (Fig.  69,  «),  whose  cell-bodies 
are  in  great  part  occupied  by  clear  substance,  which  may  be  stained 
with  haematoxylin.  In  mucus-formation  in  mucous  glands  the  epithelial 
cells  swell,  their  centres  become  transparent,  and  the  protoplasm  gran- 
ules become  reduced  to  small  groups  or  strings.  The  so-called  mucus- 
corpuscles  of  the  salivary  secretion,  characterized  by  glassy  trausparent 
contents  in  which  vibrating  protojiasm  granules  are  often  present,  are 
spheroidal  cells  which  have  undergone  mucous  degeneration. 

The  mucus  thus  formed  from  the  protoplasm  of  the  cells  may  be  dis- 
charged, and  the  cell  may  either  retain 
its  integrity  or  it  maj^  be  completely 
destroyed. 

The  formation  of  mucus  occurs 
under  pathological  conditions  (Fig.  69, 
a)  in  the  same  manner  as  normally.  In 
catarrh  of  the  mucous  membranes  the 
stringy  excretion  which  forms  is  chiefly 
the  result  of  excessive  mucus-production 
by  the  cells  of  the  mucous  membrane 
and  of  its  glands.  Pus-corpuscles  may 
also  undergo  mucous  degeneration,  in 
the  course  of  Vvhicli  mucin  would  ap- 
pear to  be  formed  from  the  nuclein  of 
their  nuclei  (Kossel).  In  mucous  mem- 
branes containing  cylindrical  epithelium 
the  number  of  beaker-cells  is  greatly  in- 
creased as  the  resiilt  of  catarrhal  inflam- 
mation, and  the  exudate  often  contains 
cells  which  have  undergone  complete 
mucous  degeneration,  and  which  appear 
as  glassy  masses  often  containing  a  few 
fine  granules.  Again,  the  cells  maj" 
contain  mucus  in  the  shape  of  irregular 
drops  of  various  sizes. 

Just  as  in  normal  tissues,  so  also  in 
pathological,  the  epithelial  cells  may 
Thus  the  epithelial  lining  of  cysts  of 
the  ovary  and  of  tumors  of  the  intestine  may  often  contain  many 
beaker-cells  (Fig.  70,  a)  and  cells  in  which  the  entire  cell-bodies  have 
changed  into  mucus  (h).  In  the  so-called  gelatinous  carcinomata  a  large 
part  of  the  epithelial  cells  undergo  a  mucous  metamorphosis. 

A  number  of  the  connective-tissue  group  of  tissues  may  also  undergo  a 
form  of  mucous  degeneration,  and  in  consequence  acquire  a  gelatinous, 
transparent  appearance.  Besides  connective  tissue  itself,  cartilage, 
bone,  fat,  bone-marrow,  and  the  tissue  of  sarcomata  may  be  mentioned 
as  belonging  to  this  class.  It  is  here  more  particularly  the  intercellular 
matrix  (Fig.  71,  h)  which  undergoes  the  mucous  change,  becoming  con- 
verted into  a  homogeneous,  structureless  mass.  The  cells  themselves 
may  remain  unchanged,  may  become  fatty,  or  may  also  undergo  mucous 
degeneration,  in  which  case  the  whole  tissue  becomes  a  clear  translucent 
mass,  with  scarcelj^  anything  left  to  suggest  the  original  tissue,  except 
here  and  there  connective-tissue  bands  and  single  cells  or  groups  of  cells 
less  degenerated. 


Fig.  69.— Production  of  mucus  inside  the 
epithelial  cells  of  an  adenomatous  polypus  of 
the  small  intestine.  (Alcohol ;  htematoxylin. ) 
a,  Epithelium  with  dark-bordered  (hiema- 
toxylin)  drops  of  mucus  within  the  cells ;  b, 
free  mucus ;  c,  leucocytes  in  the  epithelium. 
Magnified  300  diametei-s. 


undergo  mucous  degeneration. 


MUCIN;    PSEUDOMUCIN. 
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The  stringy,  gelatinous  material  which  results  from  mucous  degener- 
ation is  no  single  chemical  substance,  since  in  it  several  different  varie- 
ties of  mucin  and  pseudomucin  ma}^  be  detected. 

The  mucins  — of  which  several  kinds  may  be  distinguished,  accord- 
ing to  their  source,  as  submaxillary  mucin,  intestinal  mucin,  tendon 
mucin— are  nitrogenous  substances,  which  dissolve  or  swell  up  in  water, 
forming  a  stringy,  mucous  liquid.  From  such  solution  they  are  precip- 
itated, by  alcohol  or  acetic  acid,  in  the  form  of  stringy  masses  which 
fail  to  redissolve  in  excess  of  the  acid,  thus  differing  from  the  true  albu- 
minoids. They  dissolve  in  neutral  salt-solutions  and  in  caustic  alkalies 
and  alkaline  carbonates,  gradually  forming  alkali  albuminates  in  the 
latter. 

All  mucins  contain  both  nitrogen  and  sulphur,  the  percentage  of  car- 
bon, oxygen,  nitrogen,  and  sulphur  varying  somewhat  in  the  different 
varieties.  By  proper  treatment  a  carbohydrate,  called  animal  gum 
(Landwehr,   Hammarsten),   may  be  separated  from  the  mucins;   and 


Fig.  70. 


Fig.  71. 


Fig.  70.— Epithelial  cells  which  have  undergone  mucous  degeneration,  from  a  cystadenoma  of  the  ovary, 
a.  Cells  which  are  only  sUghtly  affected ;  b,  cells  which  show  a  high  degree  of  mucous  degeneration.  Magni- 
fied 400  diameters. 

Fig.  71.— Mucous  degeneration  of  the  connective  tissue  of  the  aortic  valves.  (Osmic  acid ;  glycerin.)  a. 
Fibrous  tissue ;  b,  tissue  that  has  undergone  mucous  degeneration.    Magnified  350  diameters. 

mucin  may  therefore  appropriately  be  called  a  glycoproteid  (Pfannen- 
stiel). 

Pseudomucin  is  also  soluble  in  water,  appearing  then  as  a  mucous 
liquid,  from  which  alcohol  throws  it  down  in  the  form  of  stringy  flakes, 
which  are  again  soluble  in  .water.  Acetic  acid  does  not  precipitate  it. 
On  boiling  with  dilute  mineral  acids  a  carbohydrate  is  formed  (as  hap- 
pens in  the  case  of  mucin)  which  reduces  copper  sulphate  in  alkaline 
solution  (Pfannenstiel) . 

According  to  Pfannenstiel,  pseudomucin  occurs  especially  in  the 
ovarian  cystadenomata,  and  the  peculiar  gelatinous  and  mucous  consis- 
tence of  the  contents  of  these  cysts  is  due  to  its  presence.  It  is  pro- 
duced by  the  epithelium  of  these  tumors  (Fig.  70),  and  in  forming  this 
material  these  cells  undergo  changes  analogous  to  those  described  in  dis- 
cussing the  formation  of  mucin  by  epithelial  cells.  In  all  probability 
the  gelatinous  substance  found  in  gelatinous  carcinomata  is  a  substance 
closely  related  to  pseudomucin  or  metalbumin — i.e.,  there  are,  according 
to  Pfannenstiel,  several  varieties  of  pseudomucin,  of  which  the  two  men- 
tioned are  examples. 

The  mucin-like  substance  contained  in  tlie  synovial  secretion,  which  is  coagulated 
by  acetic  acid,  differs,  according  to  Salkowski,  from  nucleo-albumin  in  that  it  contains 
no  phosphorus,  and  from  ordinary  mucin  in  its  different  behavior  when  treated  with  the 
mineral  acids,  since  it  is  not  converted  by  them,  on  boiling,  into  a  reducing  substance. 

Mitjukoff  has  obtained  from  the  jelly-like  contents  of  an  ovarian  cyst  a  substance 
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which  resembles  mucin,  and  to  which  he  has  given  the  name  of  jparamucin.  It  differs 
from  pseudomucin  in  one  respect,  viz.,  it  is  able,  without  being  previously  boiled  in  a 
diluted  acid,  to  reduce  the  oxide  of  copper  from  an  alkaline  solution. 

IX.  The  Formation  of  Colloid  in  Epithelium,  and  Epithelial   Hyaline 

Concretions. 

§  64.  The  production  of  colloid  by  epithelial  cells  is  a  process 
closely  related  to  the  production  of  mucus  b}'  the  same  cells.  The  col- 
loid is  partly  secreted  by  gland  cells,  and  in  part  it  represents  a  trans- 
formation of  entire  cells  into  this  material.  Under  i)liysiological  con- 
ditions colloid  occurs  in  the  thyroid  gland  (Fig.  72) ,  where  it  appears  in 
the  form  of  liyaline,  someivhat  firm,  colorless  or  slujhtly  colored,  jelly-like 


Fig. 


FIG.  73. 


Fig.  72.— Colloid  In  a  specimen  taken  from  an  enlarged  thyroid  gland.  (Alcohol ;  haematoxylin.)  a.  Follicle 
filled  with  cells ;  h,  follicle  with  a  lumen ;  c,  c,  masses  of  colloid ;  d,  capillaries ;  e,  connective-tissue  septum, 
with  artery.    Magnified  60  diameters. 

Fig.  73.— Secretion  of  colloid  in  the  thyroid  gland.  (From  Bozzi.)  a,  Colloid  \  h,  secreting  cells  contain- 
ing granules. 


masses,  which  first  fill  the  follicles  (c),  but  may  also  extend  into  the 
lymph-vessels  of  the  thyroid  gland.  The  pathological  accumulation  of 
colloid  occurs  both  in  normal  gland-tissue  and  in  that  which  represents 
a  pathological  new-growth.  This  accumulation  causes  a  more  or  less 
marked  distention  of  the  follicles,  and  also  at  the  same  time  a  corre- 
sponding degree  of  enlargement  of  the  affected  glands.  The  term  col- 
loid goitre  or  bronchocele  is  applied  to  this  condition. 

The  typical  secretion  of  colloid  is  characterized  by  the  formation  of 
small  lumps  and  globules  of  an  homogeneous  material  within  the  ejjithe- 
lial  cells  (Fig.  73) ,  and  a  few  of  these  cells  may  be  entirely  filled  with 
the  material.  When  the  tendency  to  develop  this  material  is  unusually 
strong  and  of  an  atypical  character,  cast-off  cells  may  undergo  a  trans- 
formation into  the  hj  aline  colloid  substance. 

The  colloid  substance  of  the  thyroid  gland  is  found  to  be  homogeneous 
even  when  it  is  subjected  to  a  microscopic  examination,  and  from  its 
appearance  it  seems  proper  to  call  it  epiilielial  hyalin.  As  a  rule  it' con- 
tains no  cellular  elements,  but  occasionally  cells  in  various  stages  of 
degeneration  may  be  present.  Neither  hardening  in  alcohol  nor  the 
employment  of  acetic  acid  produces  a  clouding  of  this  substance  or  a 
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precipitation  in  tlie  form  of  threads,  as  happens  when  mucus  is  thus 
treated.  By  means  of  Yan  Gieson's  staining  method  colloid  is  given 
an  orange-red  color,  where- 


Fig.  74.— Uriniferous  tubules  which  are  dilated  and  filled  with 
colloid.  (Müller's  fluid ;  haematoxylin ;  eosin.)  Magnified  250 
diameters. 


as  the  connective  tissue, 
under  this  method,  re- 
ceives a  fuchsin-red  stain. 
At  the  same  time  it  should 
be  borne  in  mind  that  the 
substance  which  is  con- 
tained in  the  follicles  of 
the  thj^roid  gland,  and  to 
which  the  name  colloid 
is  given,  does  not  always 
present  the  same  physical 
characteristics.  Thus,  for 
example,  it  is  firm  at  one 
time,  and  quite  soft  at 
another — in     some     cases 

being  even  fluid  or  at  least  readily  soluble  in  water.  Instead  of  remain- 
ing homogeneous  when  soaked  in  alcohol,  it  may  assume  a  granular  ap- 
pearance or  may  develop  cracks,  through  shrinking  of  its  substance. 
Finally,  staining  mixtures  do  not.  always  affect  it  in  the  same  way. 

Our  knowledge  of  the  chemical  composition  of  colloid  of  the  thyroid 
gland  is  very  imperfect,  and  it  is  highly  probable  that  the  material  con- 
tained in  the  follicles  is  not  always  of  the  same  nature.  It  is  likely  that 
it  is  an  albuminous  body,  and  that  it  is  united  with  the  active  substance 
of  the  thyroid  gland — the  iodothyrin. 

After  the  thyroid  gland  the  regions  in  which  epithelial  colloid  is 
most  often  observed  are  the  following:  the  glands  of  the  hypophysis 

cerebri,  the  urini- 
ferous  tubules  of 
diseased  kidneys 
(Fig.  74,  /),  the 
prostate  gland 
(Fig.  76,  i),  cysts 
of  the  parovarium 
(Fig.  75,  cl),  and, 
more  rarely,  other 
glands.  Even  in 
the  last-named  or- 
gans the  colloid 
may  occur  in  the 
form  of  a  smooth, 
homogeneous 
mass,  completely 
filling  the  affected 
portion  of  the 
gland.  Then, 
again,  the  colloid 
may  be  observed 
in  the  shape  of 
concretions  (Fig.  75,  d,  and  Fig.  76, 


Fig.  75.— Colloid  concretions  in  cyst-like  dilated  tubules  of  the  parovarium. 
(Formalin ;  Van  Gieson's  staining  mixture.)  a,  b,  Glandular  tubules  of  the 
parovarium ;  c,  cysts  containing  colloid  concretions  (d).  Magnified  80  diam- 
eters. 


h5^aline  and  in  part  laminated 
c?),  of  more  or  less  firm  consistence. 
It  must  not  be  assumed  that  these 


last-named  formations  are  iden- 
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tical,  as  regards  their  cliemical  composition,  with  the  colloid  material 
found  in  the  thyroid  gland.  The  only  thing  which  they  possess  in 
common  is  this:  they  both  represent  transf or  med  protoplasm  of  fjlarid 
cells — a  material  which  is  hyaline,  which  possesses  a  certain  degree  of 
firmness,  and  loMch  does  not  responds  to  certain  chemical  reagents  in  the 
same  manner  as  does  mucin.  These  concretions,  accordingly,  may  also 
undergo  changes  which  necessitate,  on  their  part,  a  different  behavior 
in  the  presence  of  certain  micro-chemical  reactions.  This  is  particularly 
the  case  with  the  prostatic  concretions,  which  often  give,  in  the  presence 
of  iodine,  a  reaction  that  has  led  some  to  speak  of  them  as  being  com- 
posed of  amyloid  material  (compare  ^  67) .  The  proof  that  they  consist 
of  cell-material  which  has  been  converted  into  hyaline  substance  may 
be  furnished  not  only  from  the  mode  of  development  of  these  prostatic 
concretions  but  also  from  a  study  of  renal  colloid.     Unfortunately,  in 


^i^iPyy  Ä'^^^^lilfpt-^ :  ■ ; .  ^  i^ -^ 


Fig.  76.— Section  of  an  hypertrophied  prostate  containing  concretions.  (JlüUer's  fluid :  haematoxylin ;  eosin.) 
a,  Stroma ;  ö,  glands  ;  c,  dilated  glands ;  d,  concretions.    Magnified  45  diameters. 


the  case  of  the  latter,  it  is  only  under  certain  special  conditions  that  we 
are  able  to  exclude  the  participation  (in  the  formation  of  this  material) 
of  the  albumin  which  is  derived  from  the  glomeruli. 

The  name  colloid  is  a  collective  term  which  is  applied  to  a  great  variety  of 
formations  that  possess  only  certain  physical  attributes  in  common.  There  is  also  a 
great  divergence  of  opinions  among  authors  in  regard  to  the  use  of  the  term.  Yon 
Kecklinghausen,  for  example,  includes,  under  the  conception  colloid  degeneration,  the 
mucous,  amyloid,  and  h^^  aline  forms  of  degeneration,  and  he  also  places  in  the  same 
category  the  formation  of  epithelial  colloid,  hyaline  degeneration  of  connective  tissue, 
the  hyaline  coagulation-necroses,  and  the  hyaline  thrombi.  Marchand,  on  the  other 
hand,  gives  to  the  term  a  more  limited  scope.  Nevertheless,  he  includes  under  the  idea 
of  colloid,  the  production,  by  epithelium,  of  certain  varieties  of  mucus  (particularly  in 
tumors),  and  various  hyaline  formations  in  connective  tissue.  Inasmuch  as  colloid  is 
not  a  well-defined  chemical  substance,  and  inasmuch  as  the  different  stains  do  not  permit 
us  to  draw  a  sharp  dividing-line  between  it  and  other  substances  which  present  a 
hyaline  appearance,  I  believe  that  our  best  course  is  to  apply  the  term  only  to  those 
products  of  epithelium  which  present  a  hyaline  appearance  and  yet  at  the  same  time  do 
not  possess  the  characteristics  of  mucin.  In  accordance  with  this  belief  I  have  also 
classified  as  belonging  to  the  colloid  formations  the  epithelial  concretions  which  have 
hitherto,  at  least  in  part,  been  included — by  reason  of  their  behavior  in  the  presence  of 
iodine  (brownish  or  bluish  coloring  produced  by  weak  iodine  sokitions) — among  the 
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amyloid  products.  If  any  opposition  is  made  to  tlie  suggestion  tliat  these  concretions 
'be  classified  among  the  colloid  formations,  they  may  also  be  placed  under  the  heading 
of  formations  of  epithelial  hyalin.  I  believe,  however,  that  in  the  interest  of  clear- 
ness it  is  better  to  restrict  the  use  of  the  term  hyalin  to  conjunctival  products  (§  69). 

It  is  also  customary  to  reckon  as  epithelial  hyalin  (keratohyalin?)  the  hyaline 
granules  and  globules  which  have  been  described  by  Rüssel,  Klein,  and  others,  which  are 
found  more  particularly  in  cancer  cells,  and  which  receive  avery  deep  stain  from  fuchsin 
and  may  also  be  colored  by  Gram's  method  or  by  Weigert's  fibrin-staining  mixture. 
Through  some  strange  misconception  these  granules  have  been  held  to  be  parasites. 


X.  The  Pathological  Cornification  of  Epithelium. 

§  65.  The  cornification  of  the  surface  epithelium,  over  the  entire 
surface  of  the  body,  is  a  physiological  process,  the  most  prominent 
feature  of  which  consists  in  the  fact  that  the  cells  in  the  most  superficial 
portions  of  the  prickle  layer  of  the  stratum  germinativum  assume  a 
horn-like  consistence.  This  cornification  takes  jjlace  first  at  the  periph- 
ery of  the  cells  and  in  the  prickle-like  processes  which  bind  the  cells 
together,  while  at  the  same  time  the  interior  portions  and  the  nucleus 
shrink  to  such  an  extent  that  the  cells  as  a  whole  become  mere  thin,  flat- 
tened, horn-like  scales.  This  horny  substance,  or  keratin,  is  a  very- 
resistant,  modified  type  of  albumin,  which  possesses  an  homogeneous 
composition,  and  is  capable  of  resisting  digestion  by  the  juices  of  the 
stomach  or  of  the  pancreas. 

As  a  concomitant  phenomenon  of  cornification  may  be  mentioned  the 
fact  that  peculiar  small  bodies  and  globules,  which  have  a  hyaline  ap- 
pearance and  look  as  if  they  might  be  composed  of  colloid,  and  which 
assume  an  intense  coloring  when  nuclear  staining  fluids  are  employed, 
make  their  ajDpearance  among  the  cells  of  the  prickle  layer.  The 
material  of  which  these  bodies  are  composed  has  been  called  by  Wal- 
deyer  keratohyalin.  At  those  i)laces  in  the  skin  where  the  horny  layer 
is  thicker  than  elsewhere,  there  will  be  found  a  sharply  limited  layer  of 
cells  containing  this  keratohyalin,  and  to  this  layer  the  name  of  stratum 
granidosum  has  been  given.  At  those  spots  where  the  horny  layer  is 
somewhat  thinner  than  it  is  in  most  places  this  stratum  granulosum  is 
imperfectly  developed  and  presents  breaks  in  its  continuity. 

Pathological  processes  of  cornification  occur  in  a  variety  of  different 
forms.  In  the  first  place,  there  may  be  an  increase  in  the  production  of 
horny  material  throughout  areas  of  small  or  of  large  extent,  and  as  a 
result  we  shall  have  conditions  of  hypertrophy  of  the  horny  layer  of  the 
epidermis  (compare  Chapter  Y.,  §  80) — or  hypey-keratosis,  if  that  term  is 
preferred.  This  pathological  phenomenon  may  be  of  a  primary  nature, 
— i.e.,  it  may  be  due  to  some  internal  cause,  such  as  a  predisposition 
located  in  the  skin  itself  (ichthyosis,  lichen  piliaris), — or  it  may  also 
•owe  its  origin  to  external  influences,  such  as  mechanical  injuries,  infec- 
tions, inflammations  (callosities,  corns).  Then,  in  the  next  place,  the 
process  of  cornification,  as  it  occurs  in  the  skin,  may  be  subjected  to 
disturbing  influences,  and,  in  consequence  of  these,  certain  pathological 
manifestations,  sufficiently  marked  to  be  recognized  even  by  the  naked 
eye  (e.g.,  desquamation  of  the  skin  in  the  form  of  scales),  make  their 
appearance.  To  these  manifestations  the  name  p>arakeratoses  has  been 
given.  They  occur  especially  as  sequelae  or  as  concomitant  phenomena 
of  infections  of  the  epidermis  and  of  inflammations  of  the  corium  and 
the  papillary  body.      They  may  also   sometimes   occur  without  any 
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recognizable  cause,  and  when  this  happens  neither  the  process  of  corni- 
fication  nor  the  formation  of  keratohyalin  seems  to  be  disturbed. 

Finally,  pathological  cornification  often  occurs  at  places  in  the  body 
ivhere  under  normal  conditions  it  either  does  not  occur  at  all,  or  manifests 
itself  only  in  a  feeble  manner.  Thus,  for  example,  in  the  skin  itself  the 
horny  change  may  extend  to  the  outlet  channels  of  the  sebaceous  glands 
and  to  the  hair  follicles  (ichthyosis).  Then,  in  the  next  place,  patho- 
logical cornifications  occur  not  infrequently  in  the  mucous  membrane  of 
the  mouth,  in  which  locality  they  take  the  form  of  white  thickenings  of 
the  epithelium  or  even  sometimes  of  hair-like  formations  (hairy  tongue) . 
This  horny  change  is  observed,  furthermore,  in  the  mucous  membrane 
of  the  middle  ear,  in  the  mastoid  cells,  and  in  the  descending  urinary 
channels  {formation  of  cholesteatoma ta),  and  in  these  places  it  may  lead 
to  the  production  of  scales  of  a  glistening  white  color. 

It  is  also  not  an  unusual  thing  to  encounter  the  products  of  this  horny 
change  in  cancers,  especially  in  cancers  of  the  skin,  in  which  the  horny 
scales  are  generally  found  in  the  form  of  balls  which  resemble  onions  or 
pearls.  The  same  horny  products  are  also  encountered  in  cholesteato- 
mata  of  the  pia  and  of  the  brain. 

The  pathological  horny  change  in  mucous  membranes  and  in  tumors 
is  either  limited  to  the  hardening  of  the  cell-envelope  and  the  shrinking 
of  the  cell  as  a  whole,  or  else  it  is  combined,  as  it  is  in  typical  cornifica- 
tion, with  the  production  of  keratohyalin.  This  latter  process  and  the 
cornification  of  epithelial  cells,  especially  in  cancers,  often  occur  with- 
out any  regularity  in  their  distribution. 

According  to  Mertsching  and  Ernst  the  keratohyalin  granules  are  derived  from  the 
nucleus,  and  represent  chromatin  which  has  escaped  from  the  inicleus.  In  favor  of  this 
view  may  be  mentioned  the  fact  that  the  nuclei  lose  their  chromatin  simultaneously 
with  the  appearance  of  the  keratohyalin. 


XI.  Amyloid  Degeneration  and  Amyloid  Concretions. 

§  66.  The  term  amyloid  degeneration  is  applied  to  a  peculiar  de= 
generation  of  the  connective=tissue  elements  of  blood=vessels,  in  the 

course  of  which  an  albuminous  body  (called  amyloid  substance)  is  de- 
posited in  the  parts  affected.  As  a  result  of  this  alteration  the  tissues 
increase  in  size  and  assume  a  peculiar  loaxy  appearance.  The  degen- 
eration may  occur  in  almost  all  the  organs  of  the  body,  but  is  more 
frequently  met  with  in  the  spleen,  liver,  kidneys,  intestine,  stomach, 
suprarenal  bodies,  pancreas,  and  in  the  lymph-glands.  It  is  encoun- 
tered less  often  in  fat-tissue,  in  the  thyroid  gland,  in  the  aorta,  in  the 
heart,  in  the  muscles,  in  the  ovaries,  in  the  uterus,  and  in  the  urinary 
passages. 

When  extensive  it  is  readily  recognizable  by  the  naked  eye,  as  the 
affected  parts  present  a  translucent  waxy  appearance  (lardaceous  degen- 
eration) . 

In  the  spleen  the  change  occurs  most  frequently  in  the  region  of  the 
glomeruli,  which  may  become  completely  changed  into  homogeneous, 
transparent  bodies  (Fig.  77,  b)  resembling  grains  of  boiled  sago,  whence 
this  form  of  amyloid  spleen  has  come  to  be  called  the  sago-spleen. 
When  the  amyloid  degeneration  is  present  also  in  the  spleen-pulp,  more 
or  less  distinctly  recognizable  waxy  lines  and  streaks  appear  on  its  cut 
surface.     At  times  almost  the  entire  substance  of  the  spleen  may  be  thus 
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affected.  The  spieen  is  then  enlarged  and  feels  hard,  and  may  look  as 
if  composed  entirely  of  wax  [lardaceovs  spleen). 

The  liver,  when  the  amyloid  degeneration  is  well  marked,  increases 
in  size  and  becomes  more  resistant.  When  a  section  is  made  through 
the  organ  it  will  be  seen  that  the  tissues  present  a  translucent  appear- 
ance, somewhat  like  that  of  pork.  The  liver-tissue  lying  between  the 
masses  of  amyloid  substance  is  in  some  places  of  a  brownish  color,  in 
others  rather  yellow,  from  the  presence  of  an  abundant  quantity  of  fat. 

The  kidney,  when  in  a  condition  of  marked  amyloid  degeneration, 
may  also  be  enlarged  aud  hardened,  and  when  cut  open  it  may  show, 
upon  the  cut  surface,  hyaline  lardaceous  spots  and  streaks  that  have  a 
firm  consistence.  More  frequently  it  presents  the  picture  of  a  white, 
fatty,  swollen,  or  normal-sized  kidney,  in  which  only  here  and  there 
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Fig.  77.— Amyloid  degeneration  of  the  follicles  of  the  spleen  and  of  the  neighboring  tissues.  (Müller's 
fluid ;  haematoxylin ;  eosin.)  a.  Transverse  sections  of  splenic  arteries ;  ö,  amyloid  deposits ;  c,  pulp ;  c?, 
trabeculae.    JIagnified  80  diameters. 

small,  hyaline  masses  or  streaks  can  be  seen,  or  in  which  the  spots 
which  have  undergone  amyloid  degeneration  can  be  distinguished  only 
after  the  tissues  have  been  treated  with  iodine. 

In  the  intestine  and  in  the  lymph-glands  the  amyloid  degeneration  is 
not,  as  a  rule,  distinguishable  without  the  aid  of  the  microscope  and 
chemical  reagents ;  and  the  same  thing  is  true  in  regard  to  the  other, 
less  frequently  affected,  organs^the  adipose  tissue,  the  heart,  the  large 
trunks  of  the  blood-vessels,  the  thyroid  gland,  etc. 

The  substance  which  is  deposited  in  amyloid  degeneration  forms  for 
the  most  part  shining,  homogeneous  masses  which  develop  a  peculiar 
reaction  ivith  iodine  and  ivitli  some  of  tJie  aniline  dyes.  Iodine  in  water, 
or,  better,  in  a  solution  of  potassium  iodide,  when  poured  over  amyloid 
tissue  causes  the  amyloid  substance  to  assume  a  dark  mahogany-red 
color.  In  thin  sections,  under  the  microscope,  this  reaction  differen- 
tiates the  amyloid  substance  very  clearly  from  the  pale-yellow  surround- 
ing tissue  (Fig.  78,  b). 
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In  very  well-marked  amyloid  degeneratioD,  when  the  tissues  are  of 
an  almost  wooden  hardness,  this  reaction  sometimes  results  in  the  pro- 
duction of  a  violet  or  bluish  or  green  color ;  and  specimens  which  have 
been  changed  to  a  mahogany  color  by  the  action  of  iodine,  when  treated 
with  dilute  sulphuric  acid  or  with  solution  of  chloride  of  zinc,  may 
similarly  turn  red,  violet,  blue,  or  green,  or,  on  the  other  hand,  the 
original  mahogany  color  may  simply  be  intensified.  This  reaction  is, 
however,  often  unsatisfactory. 

The  aniline  dye  known  as  methyl  violet  colors  amyloid  substance  ruby 
red  (Fig.  79,  a,  b),  while  the  healthy  tissue  is  at  the  same  time  stained 
blue  or  deep  violet. 

Virchow,  on  account  of  this  peculiar  reaction  with  iodine,  was  led 

to     look     upon     the 
/(  amyloid  substance  as 

iVo^/^/^-  a  body  devoid  of  ni- 

trogen and  closely  re- 
lated to  cellulose  or 
to  starch.  In  reach- 
ing this  conclusion 
he  was  influenced  by 
the  fact  that  cellu- 
lose, when  treated 
with  iodine  and  con- 
centrated sulphuric 
acid,  assumes  an  in- 
tense blue  color,  and 
similarly  starch  be- 
comes of  an  ultra- 
marine blue  when 
treated  with  iodine 
alone.  Yirchow  ac- 
cordingly gave  the 
name  amyloid  to  the 
newly  discovered  sub- 
stance. It  was  not 
until  several  years 
later  that  Friedreich  and  Kekule  demonstrated  that  the  so-called  amy- 
loid is  in  reality  a  nitrogenous  substance  of  an  albuminous  nature. 
According  to  Tschermak  it  is  a  coagulated  albuminous  substance. 

The  peculiar  reaction  of  amyloid  substance  makes  it  possible  to 
detect  its  presence  in  the  tissues  in  cases  in  which  it  is  present  in  such 
small  amount  as  to  be  quite  invisible  without  the  aid  of  iodine.  In 
applying  the  test  to  fresh  tissues,  care  should  be  taken  to  wash  out  the 
blood  as  perfectly  as  possible,  since  the  color  resulting  from  the  com- 
bination of  the  red  haemoglobin  and  the  yellowish-brown  iodine  rather 
closely  resembles  the  mahogany  red  of  the  amyloid. 

Amyloid  is  very  resistant  to  acids  and  alkalies.  It  is  not  changed  by 
alcohol  and  chromic  acid,  and  it  is  only  slowly  affected  by  the  changes 
of  putrefaction. 

Amyloid  material  is  deposited  i)i  the  frameicorh  comjwsed  of  blood- 
vessels and  connective  tissue,  and  more  particularly  in  the  icalls  themselves 
of  the  smaller  blood-vessels.  Living  cells  are  not  affected  by  it.  In  con- 
nective tissue  the  amyloid  material  would  appear  to  be  first  deposited 
between  the  connective-tissue  fibres. 
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Fig.  78.— Section  of  an  amyloid  liver,  showing  the  effects  of  staining  it 
with  a  solution  of  iodine,  a.  Normal  liver  tissue;  h,  tissue  that  has 
undergone  amyloid  degeneration;  o,  Glisson's  capsule.  Magnified  35 
diameters. 
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In  the  acini  of  the  liver  the  amyloid  material  is  found  in  close  prox- 
imity^ to  the  capillary  tubes.  The  endothelium  (Fig.  80,  c)  is  covered 
on  its  outer  side  by  a  more  or  less  thick  layer  of  homogeneous,  glassy 
substance  composed  wholly  of  amyloid  material.  The  liver-cells  be- 
tween the'  amyloid  masses  are  either  still  preserved  (Fig.  80,  a)  or  they 
may  be  compressed  and  already  undergoing  atrophy,  or,  finally,  they 
may  have  disappeared  altogether.  They  often  contain  fat.  The  larger 
blood-vessels  of  the  liver  also  at  times  show  amyloid  changes,  more  par- 
ticularly in  the  media  of  the  arteries. 

In  the  kidney  (Fig.  81)  the  amyloid  is  found  most  abundantly  in 
the  walls  of  the  vessels,  the  vessels  of  the  glomeruli  (b)  being  moder- 
ately swollen  and  homogeneous,  and  similar  homogeneous  deposits  oc- 
curring also  in  the  arteries  (0,  veins,  and  capillaries  (k)  of  other  x^arts 


Fig.  79.— Amyloid  degeneration  of  the  follicles  and  pulp  of  the  spleen.  fAlcohol ;  methyl  violet ;  hydro- 
chloric acid.)  a,  Follicular  tissue  in  a  marked  state  of  amyloid  degeneration  ;  />,  pulp  tissue  "in  which  the  de- 
generation has  begun.     Magnified  300  diameters. 

of  the  kidney.  In  the  mucous  membrane  of  the  intestine  the  amyloid 
deposit  also  occurs  in  the  walls  of  the  blood-vessels  more  particularly. 

In  fat-tissue,  which  is  often  extensively  affected  with  amyloid  dis- 
ease, the  waxy  material  is  found  both  in  the  walls  of  the  blood-vessels 
and  in  the  connective-tissue  stroma,  so  that  at  times  the  thin  connective- 
tissue  sheath  of  the  fat-cells  may  be  converted  into  a  clear  hyaline  sub- 
stance. In  the  spleen  it  is  the  connective-tissue  framework  and  the 
walls  of  the  blood-vessels  which  are  more  especially  affected  and  which 
often  become  much  thickened  (Fig.  79,  a,  h).  In  striated  muscle  it  is 
the  perimysium  internum  and  the  sarcolemma  which  are  involved.  In 
glandular  organs  possessing  a  tunica  propria — as,  for  example,  the 
mucous  glands  and  the  kidney — this  membrane  may  also  be  affected  and 
swell  to  a  verj'  considerable  extent. 

The  results  of  amyloid  degeneration  which  make  themselves  ap- 
parent to  the  eye,  and  which  in  a  measure  account  for  the  perversions 
of  function  observed  in  cases  of  amyloid  disease,  are  the  pronow}ce(l 
change  in  structure  of  the  affected  tissue,  and  the  degenerative  cha})ges 
lohich  take  place  in  the  cells  of  the  affected  organ  and  event ualhj  cause  them 
to  disappear  entirely.     Amyloid  disease,  consequently,  has  a  distinctly 
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degenerative  quality.  The  connective  tissue  itself  is  permanently 
changed,  as  the  insoluble  amyloid  substance  appears  never  to  be  re- 
moved from  it. 

The  deposit  of  amyloid  material  in  the  blood-vessels  leads  to  very 
considerable  thickening  of  their  walls,  and  at  the  same  time  to  narrow- 


FKt.  80.— Amyloid  degeneration  of  the  liver.     CAlcohol ;   Van  (iieson's  mixture,  i     n.  Liver  cells,  t<>  some 
extent  fatty ;  />,  compressed  liver  cells;  c,  amyloid  substance.    Magnified  24(i  diameters. 


ing  or  even  obliteration  of  their  lumina  (Fig.  81,  h),  both  of  which  con- 
ditions entail  permanent  interference  with  the  circulation.  The  amy- 
loid masses  compress  the  surrounding  epithelial  structures  (Fig.  80) 
and  cause  them  to  atrophy.  At  the  same  time  there  is  often  a  fatty 
degeneration  of  the  epithelial  cells  (Fig.  81,  e,  f),  especially  in  the 
kidneys ;  and  yet  this  change  cannot  be  attributed  wholly  to  the  disturb- 
ances in  the  circulation  which  result  from  the  amyloid  disease.  It  is 
more  likeh^  that  this  fatty  degeneration  is  in  some  measure  an  indepen- 
dent pathological  process,  running  parallel  with  the  amyloid  disease. 
In  consequence  of  this,  one  may  sometimes  find  very  marked  fatty  de- 
generation associated  with  very  slight  amyloid  changes. 

In  the  spleen  and  lympla-glands,  also,  the  cells  lying  in  the  meshes 
of  the  swollen  trabeculpe  disappear  as  the  result  of  atrophy  and  fatty 
degeneration  (Fig,  79),  and  in  muscles  the  contractile  substance  dimin- 
ishes 2>a?7"  prtss?^  with  the  increase  of  the  amyloid  material. 

Regarding  the  causes  and  nature  of  amyloid  degeneration  but  little 
can  be  stated  with  certainty.  A\"e  know  that  it  is  of  most  frequent 
occurrence  in  the  various  cachectic  states,  but  we  are  wholly  in  the  dark 
as  to  the  precise  perversions  of  nutrition  which  bring  it  about.  The 
diseases  with  which  it  is  most  frequently  associated  are  tuberculosis  of 
the  lungs  and  of  the  bones,  syphilis,  chronic  dysentery,  and  leukaemia, 
and  often  in  these  diseases  the  most  extensive  amyloid  degeneration 
will  be  found,  while  in  the  cachexia  resulting  from  carcinoma  it  is  but 
rarely  observed.  Occasionally  it  occurs  without  any  discoverable  pre- 
existent  disease,  and  observations  by  Cohnheim  would  make  it  appear 
that  it  may  become  well  developed  in  from  two  to  three  months. 
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Amyloid  change  lohicli  is  luidely  distributed  througliout  the  body  must 
result  from  general  causes.  The  amyloid  substance  itself  does  not  exist  in 
the  blood,  but  the  material  from  lohich  it  is  formed  is  undoubtedly  derived 
from  the  blood,  and  it  would  appear  that  tbeJowered  vitality  of  the  tissues 
resulting  from  general  cachexia  favors  its  formation.  Perhaps  in  the 
conditions  mentioned  this  peculiar  amyloid  substance  results  from  the 
union  of  an  albuminous  material  derived  from  the  blood  (serum  albu- 
min) with  some  constituents  of  the  tissues ;  or,  as  the  result  of  impaired 
nutrition,  a  peculiarly  modified  albuminous  body  may  be  separated  from 
the  albumin  in  the  circulation. 

According  to  the  published  reports  of  Czerny  and  Krawkow,  it  is  possible  in  chickens 
and  rabbits,  by  means  of  injections  of  turpentine  and  also  of  staphylococci,  which  pro- 
duce foci  of  suppuration,  to  call  amyloid  degenerations  into  existence  in  from  three  to 
sixty  days.  The  experiments  made  in  my  laboratory  by  Dr.  Grandry  satisfy  me  that  the 
statements  of  the  above-named  authors  in  regard  to  this  matter  are  erxoneous. 

§  67.  The  form  of  amyloid  degeneration  which  we  have  thus  far  con- 
sidered is  a  disease  which  usually  affects  a  number  of  organs  of  the 
body,  or,  if  confined  to  one  of  them,  is  more  or  less  uniformly  distrib- 
uted throughout  its  entire  substance.  There  is,  however,  a  form  of 
amyloid  change  in  which  localized  deposits  of  amyloid  material  occur 


Fig.  81.— Section  of  an  amyloid  kidney.  (Müller's  fluid  ;  osmicacid ;  methyl  violet.)  a,  Normal  vascular 
loops  ;  7),  loops  affected  with  amyloid  disease  ;  c,  fatty  glomerulus  epithileum  ;  Ci,  fatty  capsule  epithelium  ; 
d,  fat-drops  lying  against  the  outer  surface  of  the  capillaries ;  e,  fatty  epithelium  in  situ ;  /,  desquamated 
and  fatty  epithelium ;  g,  hyaline  coagulations  (urinary  casts) :  h,  transverse  section  of  a  cast  composed  of 
fat-drops ;  f,  amyloid  artery ;  k.  amyloid  capillary ;  Z,  cellular  infiltration  of  the  connective  tissue ;  m,  round 
cells  within  the  uriniferous  tubules.    Magnified  300  diameters. 


either  in  the  form  of  localized  amyloid  infiltrations  of  the  tissues  or  as 
free  concretions. 

Local  amyloid  infiltrations  are  met  with  in  granulations  which  are 
rich  in  cells,  in  chronically  inflamed  tissues,  in  cicatrices,  and  in  hyper- 
plastic connective-tissue  growths.  They  occur  also  in  tumors  in  which 
other  degenerative  processes  are  in  progress.     In  some  cases  only  small 
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particles  of  amyloid  material  are  formed,  and  then  frequently  in  the 
walls  of  the  vessels ;  but  in  other  cases  large  masses  are  met  with,  com- 
posed almost  entirely  of  amyloid  substance  and  often  almost  as  hard  as 
wood. 

The  amyloid  substance  is  here  also  deposited  in  the  basement  substance 
of  the  tissue,  though  it  is  held  hj  some  authors  (Eählmann)  that  the 
cells  of  the  tissue  may  also  acquire  a  hyaline  appearance  and  give  the 
reactions  characteristic  of  amyloid. 

Such  local  amyloid  deposits  have  been  found  in  the  inflamed  con- 
junctiva, in  syphilitic  scars  in  the  liver,  tongue,  and  larynx,  in  inflamed 
lymph-glands,  in  ulcers  of  bone,  and  in  tumors  of  the  larynx  and  stom- 
ach. Tumor-like  amyloid  masses  are  also  occasionally  met  with  in  the 
conjunctiva,  tongue,  larynx,  and  trachea  under  conditions  in  which  it  is 
impossible  to  establish  any  relationship  between  them  and  some  inflam- 
matory' process,  and  where,  be- 
sides, there  is  but  little  normal 
connective  tissue  in  the  vicinity  of 
the  amyloid  masses. 

Freely  lying  amyloid  concre= 
tions,  or  corpora  amylacea,  are 
most  often  found  in  the  tissues  of 
the  central  nervous  system,  espe- 
cially in  the  spinal  cord  and  in  the 
ependyma  of  the  cerebral  ventri- 
cles. They  occur  also  in  the  pros- 
tate gland.  Those  found  in  the 
nervous  system  are  for  the  most 
part  small,  homogeneous,  and 
somewhat  shining  particles  (Red- 
lich), usually  devoid  of  any  defi- 
nite nucleus  (Fig.  82,  c).  In  the 
prostate  they  are  larger  and  usually 
show  distinct  stratification  (Fig. 
82,  a).  Wagner  and  Langhans 
have  observed  corpora  amylacea 
in  carcinomata,  and  they  have  also 
been  found  in  the  lung  (Friedreich,  Zahn,  Ziegler),  in  inflammatory 
areas,  in  bloody  extravasations  (b),  and  in  emphysema. 

These  local  deposits  of  amyloid  mcderial  and  the  amyloid  concretions 
should  not  be  considered  as  altogether  similar  to  the  irrogressive  amyloid  de- 
generation of  connective  tissue.  Some  of  them,  it  is  true,  give  the  char- 
acteristic amyloid  reaction,  and  the  corpora  amylacea  of  the  nervous 
sj^stem,  in  particular,  assume  the  characteristic  blue  color  when  treated 
with  iodine  and  sulphuric  acid.  But,  in  the  case  of  these  bodies,  we 
have  to  do  with  formations  which  are  dependent  essentially  upon  local 
conditions  for  their  origin,  and  which  are  derived  in  part  from  epithelial 
cells  and  in  part  from  the  cells  of  connective  tissue.  Accordingly  they 
may  be  considered  partly  as  a  modified  epithelial  hyaline  substance 
(§  Qb),  and  partly  as  a  modified  conjunctival  hyaline  substance  (§  69). 
The  concretions  of  the  prostate  are  made  up  of  degenerating  epithelium 
or  of  fragments  of  the  same  matted  together  in  layers  (epithelial  colloid ; 
compare  §  65),  and  it  is  probable  that  the  similar  bodies  in  the  lung  and 
in  tumors  are  composed  chiefly  of  fragments  of  degenerated  cells,  though 
in  part,  also,  of  albumin  from  the  blood.     Eedlich  considers  the  corpora 
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riG.  83.— Corpora  amylacea.  a.  Laminated  con- 
cretions from  the  prostate.  Magnified  2lX)  diam- 
eters, h^  Corpus  amylaceum  from  an  old  hemor- 
rhagic infarction  of  the  lungs,  with  hi^matoidin 
crystals  in  the  nucleus.  Magnified  200  diameters, 
c.  Corpora  amylacea  from  the  spinal  cord.  Magnified 
400  diameters. 
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amylacea  of  the  nervous  system,  whidi  stain  similarly  to  nuclei  with 
lisematoxylin,  to  be  made  up  of  the  nuclei  of  neuroglia-cells  and  to  be  a 
senile  retrograde  development  of  the  tissue.  Stroebe,  however,  believes 
them  to  be  composed  of  fragments  of  swollen  axis-cylinders,  while  Sie- 
gert  believes  them  to  have  originated  from  cells. 


XII.  Hyaline  Degeneration   of   Connective   Tissue   and   the    Hyaline 
Products  of  Connective=Tissue  Cells. 


§  68.  Under  the  head  of  hyaline  degeneration  of  connective  tissue 
may  be  classed  a  group  of  changes  in  which  thefihwj.is  basic  substance  of 
the  connective-tissue  layer  of  the  blood-vessels  assumes  the  peculiarities  of 
hyalin  luithout  giving  the  ^characteristic  reaction  of  amyloid  (Fig.  83). 
The  change  may  involve  normal  connective  tissue  (Fig.  83),  or  that 
which  has  been  altered  by  inflammation,  or  finally  newly  formed  con- 
nective tissue — both  that  which  is  produced  in  inflammatory  new-growths 
and  that  which  develops 
in  tumors.  The  patho- 
logical process  is  de- 
pendent upon  local  or 
general  nutritive  dis- 
turbances. The  favorite 
seats  of  this  degeneration 
are  the  following:  the 
connective  tissue  of  the 
thyroid  gland  (Fig.  83, 
b) ;  the  valvular  endocar- 
dium; the  intima  of  the 
arteries;  the  entire  wall 
of  the  small  blood-ves- 
sels, particularly  of  the 
brain  and  spinal  cord; 
the  lymph-glands  (Fig. 
85,  a,  b) ;  the  glomeruli 
of  the  kidney;  the  con- 
nective tissue  and  the 
blood-vessels  of  connec- 
tive-tissue tumors  of  the 
dura  mater  (psammoma- 

ta)  and  of  the  parotid  and  submaxillary  glands  (angiosarcomata) ;  the 
connective  tissue  of  the  peripheral  portions  of  tuberculous  nodules; 
and  the  connective  tissue  of  tuberculously  affected  sheaths  of  tendons- 
and  bursse  mucosae  (Fig.  84,  b). 

There  are  no  specially  characteristic  reactions  for  connective  tissue 
when  affected  with  hyaline  degeneration,  such  as  exist  for  the  amyloid 
degeneration  of  this  tissue.  Van  Gieson's  method  of  staining  this  tis- 
sue (fuchsin  and  picric  acid)  gives  to  it — although  not  always — a  deep 
fuchsin-red  color.  There  is  no  doubt,  furthermore,  that  much  of  what. 
is  designated  as  hyaline  degeneration  of  connective  tissue  is  in  reality 
one  or  the  other  of  a  variety  of  degenerative  conditions. 

In  many  cases  (those,  for  example,  of  thickened  valves  of  the  heart, 
and  of  thickening  of  the  intima  of  arteries)  the  tissue,  when  examined 
under  the  microscope,  shows  itself  to  be  very  thick  and  dense,  and  from 


Fig.  83.— Hyaline  degeneration  of  the  connective  tissue  of  a- 
goitre  which  contained  colloid  substance.  (Alcohol ;  Van  Gieson's 
mixture.)  a,  Gland-foUicles  containing  colloid;  b,  connective- 
tissue  in  a  state  of  hyaline  degeneration ;  c,  blood-vessels.  Magni- 
fied 300  diameters. 
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tliis  fact  some  have  felt  themselves  justified  in  naming  the  condition 
sclerosis.  It  is  not  clear  to  what  immediate  causes  the  thickening  and 
the  homogeneous  character  of  the  tissue  are  due.  The  gradual  wasting 
of  the  nuclei,  the  subsequent  calcification  (compare  §  70)  or  softening — 
up  to  the  point  of  complete  disintegration  (for  example,  in  sclerosed 
portions  of  the  intima), — the  sequestration  of  the  altered  tissue  from 
that  which  is  healthy  (for  example,  in  those  portions  of  bursse  mucosae 
where  the  walls  have  undergone  degeneration), — all  these  circumstances, 
it  seems  to  me,  point  to  the  fact  that  the  process  under  consideration  is 
distinctively  degenerative  in  its  character. 

In  other  cases  the  appearance  of  a  tissue  which  has  undergone  hya- 
liiie  degeneration  approaches  closely  to  that  produced  by  amyloid  de- 
generation, and  it  is  also  at  the  same  time  associated  with  a  decided 
increase  in  bulk  (as,  for  instance,  in  hyaline  degeneration  of  the  small 
blood-vessels  of  the  central  nervous  system  and  the  lym^jh-glands  [Fig. 
85,  a,  ?)],  and,  more  rarely,  in  the  various  forms  of  hyaline  degeneration 
of  the  connective  tissue) .     On  the  other  hand,  one  sometimes  encounters 

.  „^^^  — although  very  rarely 
J^  — forms  of  hyaline  de- 
generation which  in- 
volve, one  after  the 
other,  a  number  of  or- 
gans (such  as  the  heart 
[Fig.  86,  h,  c],  the 
serous  membranes,  the 
intestinal  wall,  etc.), 
which  are  accompanied 
hy  the  production  of 
vitreous  scales,  and 
some  of  which  give  the 
typical  amyloid  reac- 
tion; and,  furthermore, 
a  number  of  authors 
have  described  the  presence,  in  proliferative  outgrowths  of  the  conjunc- 
tiva, of  hyaline  degenerations  which  involved  the  reticular  framework, 
which  were  characterized  h\  nodular  thickenings  of  this  framework,  and 
onh^  some  of  which  gave  the  amyloid  reaction.  From  all  these  facts 
we  are  warranted  in  drawing  the  conclusion  that  there  is  a  form  of  hya- 
line degeneration  of  the  connective  tissue  which  seems  to  be  closely  re- 
lated to  amyloid  degeneration  and  which  may  in  fact  gradually  become 
such  in  reality ;  and,  as  a  further  conclusion,  it  ma}'  be  stated  that 
this  form  of  degeneration  is  ushered  in  by  the  deposit,  in  the  tissues,  of 
a  hyaline,  insoluble,  albuminous  body  which  probably  originates  in  the 
blood. 

The  preparation  pictured  on  the  next  page  (Fig.  86)  was  obtained  from  the  heart  of 
a  woman  about  fifty-five  years  of  age,  the  greater  part  of  wliicli  had  undergone  hyaline 
degeneration.  Numerous  hyaline  plates  and  masses  were  found  in  the  endocardium  and 
pericardium.  The  mascle-tissue  was  in  parts  degenerated  as  shown  in  the  figui'e.  Asso- 
ciated with  this  condition  in  the  heart  there  was  extensive  degeneration  of  the  blood- 
vessels, particularly  of  the  intestine,  tongue,  lungs,  heart,  and  bladder.  The  peritoneum 
was  also  thickly  bestrewn  with  hyaline  masses.  The  fact  that  the  smaller  hyaline  areas 
and  the  periphery  of  the  larger  areas  gave  no  iodine  reaction,  while  the  central  portions 
of  the  larger  areas  did  so,  appears  to  me  to  make  the  close  relationship  between  hyaline 
and  amyloid  substance  unquestionable.  And  this  is  further  supported  by  the  fact  that 
amyloid  organs  occasionally  contain  areas  of  hyaline  degeneration  which  give  no  iodine 
reaction. 


Fig.  84.— Hyaline  degeneration  of  the  connective  tissue  which 
formed  a  part  of  the  wall  of  a  tuberculously  affected  bursa  mucosa. 
(Müller's  fluid ;  hiematoxyhn  ;  eosin.)  a.  Fibrillated  connective  tis- 
sue ;  b,  hyaline  connective  tissue.    Magnified  -it)  diametei-s. 
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§  69.  Hyaline  products  of  connective=tissue  cells  may  originate  in 
a  variety  of  ways.  In  the  first  place,  flat  connective-tissue  cells  may 
arrange  themselves,  in  concentric  fashion,  in  the  form  of  balls  (as  hap- 
pens in  the  case  of  cornified  epithelial  cells) ,  and  then  may  undergo  a 
change  into  a  hyaline  substance  luhicli  contains  vo  nuclei.  Formations 
like  these  are  found  most  frequently  in  the  membranes  of  the  brain,  in 
the  plexuses,  in  the  pineal  gland,  and  in  the  new-growths  which  spring 
from  them,  and  ultimately  they  lead,  by  the  aid  of  calcification,  to  the 
formation  of  laminated  chalky  concretions  (compare  §  70,  Fig.  91) . 

Another  kind  of  hyaline  formation  is  that  which  probably  owes  its 
origin  to  a  sort  of  secretory  activity  on  the  part  of  the  connective-tissue 
cells.  The  product  resulting  from  this  activity  may  be  termed  secretory 
conjunctival  hyalin,  and  yet  it  is  important  to  call  attention  here  to  the 
fact  that  under  this  term  are  often  included  a  variety  of  formations,  and 
that,  as  hai^pens  in  the  formation  of  colloid,  hyaline  products  may  i^esult 
from  a  degeneration  of  cells  in  their  entirety.  In  this  category  may  be 
placed,  first,  the  so-called  granules  (granula),  i.e.,  small  masses  of  matter 


FIG.  85. 

Fig.  &5.- Hyaline  degeneration  of  the  blood-vessels  of  an  atrophic  lymph-gland  from  the  axilla.  (Alco- 
hol ;  carmine.)  a.  Vessels  which  have  undergone  hyaline  degeneration,  but  still  possess  an  open  lumen ;  Z>, 
obliterated  vessels.    Magnified  200  diameters. 

Fig.  86.— Hyaline  degeneration  of  connective  tissue  of  the  myocardium.  (Alcohol,  haeraatoxylin ;  car- 
mine.) a.  Normal  connective  tissue ;  b,  connective  tissue  that  has  undergone  hyaline  degeneration  ;  c,  hya- 
line masses ;  rt,  transverse  sections  of  normal  muscle-cells ;  e,  transverse  sections  of  muscle-cells  which  are 
atrophic.    Magnified  250  diameters. 

which  are  contained  within  colorless  blood-corpuscles,  and  also  in  many 
connective-tissue  cells  which  are  found  in  normal  tissues  or  in  those 
which  are  inflamed  or  otherwise  disordered,  or  finally  in  tissues  which 
have  undergone  proliferation.  Some  of  these  granules  are  greedy  for 
oxygen  (oxyphile)  and  are  readily  stained  hj  eosin;  in  consequence  of 
which  the  cells  which  contain  them  are  called  eosinophile  cells.  Among 
these  granule  cells  there  are  others  which  are  commonly  t^Ym^d  feeding 
cells  {Mastzellen)  (Ehrlich),  and  which  possess  the  property  of  being 
deeply  stained,  especially  by  basic  coloring  materials.  In  both  of 
these  forms  of  cells  the  granules  may  be  crowded  together  in  such  num- 
bers as  to  convert  the  cells  into  granule-globules. 

Then,  as  a  third  variety,  may  be  mentioned  certain  globules  and 
balls  which  present  a  hyaline  ax^pearance;  which  take  a  very  deep 
fuchsin  stain,  while  responding  also  to  other  staining  x)rocedures,  such 
as  those  with  methyl  violet,  with  gentian  violet,  etc.  ;  and  which  may 
be  grouped  together  under  the  name  of  fuchsinophile  bodies.  These 
formations  are  often  also  termed  Rüssel' s  bodies,  from  the  fact  that 
Rüssel  (who  considered  them  to  be  x)arasitic  fission-fungi)  described 
them  somewhat  thoroughly. 
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The  fuchsin  bodies  are  encountered  both  in  normal  or  only  slightly 
altered  tissues  (suprarenal  capsules,  various  mucous  membranes — that 
of  the  stomach,  for  example, — the  brain,  the  spleen,  and  the  lymph- 
adenoid  tissue),  and  also  in  inflamed  tissues  (particularly  mucous  mem- 
branes), in  inflammatory  new-growths,  and  in  connective-tissue  tumors. 
At  one  time  they  will  be  found — sometimes  in  large  numbers — lying 
within  the  cells,  while  at  another  they  lie  upon  the  outside.  When 
found  in  this  position  they  are  probabh'  to  be  looked  upon  as  a  product 
of  the  cells — either  as  something  that  has,  as  it  were,  been  secreted  by 
them,  or  as  a  product  of  their  disintegration.  More  accurate  informa- 
tion in  regard  to  their  mode  of  origin  or  their  composition  is  not  obtain- 
able. It  is  possible  that  they  have  a  near  relationship  to  the  so-called 
feeding  cells.  Those  which  are  found  in  the  brain  and  spinal  cord  are 
general^  classed  as  corpora  amylacea  (§  67),  even  although  they  do  not 
give  the  specific  iodine  reaction. 

Finally,  it  is  right  to  i:)lace  in  this  same  category  those  larger  hya- 
line balls  and  casts  of  tubes  (altered  blood-vessels)  which  present  some 
resemblance  to  epithelial  colloid  and  which  are  often  observed  in  sarco- 
mata (see  under  Endothelioma  and  Angiosarcoma) ;  for  these  formations 
are  also  products  either  of  a  secretory  or  of  a  degenerative  process  on 
the  part  of  cells. 

The  significance  of  the  granules  of  the  eosinophile  cells  and  the  feeding  cells — 1x) 
■which  may  also  be  added  the  neutrophile  granules  of  the  leucocytes  (which  are  suscepti- 
ble of  being  stained  by  a  neutral  coloring  material,  such  as  may  be  obtained  by  a  mixture 
of  acid  fuchsin  and  basic  methyl  gi-een) — cannot  be  positively  stated  at  the  present  time. 
Altmann,  who  by  the  aid  of  special  methods  has  demonstrated  the  existence  of  these 
granules  in  a  great  variety  of  cells,  believed  that  in  them  (the  granules)  he  had  discov- 
ered the  morphological  unit  of  living  matter  ;  and  accordingly  he  gave  them  the  name 
of  hiuhlasts.  To  those  bioblasts  which  possess  the  power  to  live  independently  (as  do 
the  micro-organisms),  he  gave  the  name  of  autoblasts  ;  and  those  which  are  congregated 
together  within  cells  received  from  him  the  name  of  cytoblasts.  These  latter  were 
again  divided  by  him,  according  to  the  position  which  they  occupied  inside  the  cell, 
into  karyoblasts  and  somatoblasts.  Unfortunately.  Altmann 's  scheme  can  scarcely  be 
accepted  as  harmonizing  with  the  facts.  The  hypothesis  which  was  put  forward  by 
Ehrlich  in  explanation  of  the  gi'anular  leucocytes,  and  which  has  been  accepted  by 
Heidenhain  and  Löwit,  seems  to  me  to  be  the  more  correct  of  the  two.  Ehrlich  holds 
that  these  granules  are  secretory  products  of  a  specific  metabolism  which  takes  place  in 
the  cells  in  which  they  are  found. — a  view  which  justifies  one  in  looking  upon  these 
particular  cells  as  unicellular  glands.  So  far  as  the  so-called  feeding  cells  are  concerned, 
the  views  of  authors  are  very  much  divided  ;  some  (for  instance.  Browicz  and  Raudnitz) 
looking  upon  them  as  degenerating  cells ;  others,  like  Neumann,  considering  them  to 
represent  a  stage  in  the  development  of  proliferating  cells  ;  and,  finally,  still  others 
maintaining — as  do  Ehrlich,  Rosenheim,  and  Korybutt-Daszkiewicz — that  they  are 
simply  cells  which  have  received  an  excess  of  nutriment. 

The  conditions  which  are  described  in  §  68  and  §  69  as  conjunctival  hyalin  are,  beyond 
all  doubt,  pathological  products  which,  so  far  as  their  mode  of  origin  and  their  chemical 
composition  are  concerned,  differ  widely.  As  we  do  not  yet  know,  however,  what  is  the 
nature  of  the  processes  which  lead  to  the  formation  of  these  hyaline  products,  the  only 
course  which  remains  open  for  us  is  to  arrange  them  in  different  groups  according  to 
the  fixed  points  of  view  adopted  by  different  authors. 

Von  Recklinghausen  employs  the  term  hyalin  in  a  much  more  comprehensive 
manner  than  I  do.  Accordingly,  he  places  under  the  head  of  hyaline  degeneration  a 
number  of  pathological  changes  which  I  have  placed  under  other  heads.  He  defines 
hyalin  as  an  albuminous  body  which  takes  a  strong  stain  when  treated  with  eosin. 
carmine,  picrocarmine,  and  acid  fuchsin  ;  which  at  the  same  time  is  homogeneous  and 
refracts  the  light  strongly  ;  which  is  altered  very  little  by  treatment  with  acids  ;  and 
which,  in  its  capacity  to  resist  alcohol,  water,  ammonia,  and  acids,  resembles  amyloid, 
■and  yet  does  not  respond  to  the  iodine  test.  Among  the  hyaline  substances  he  reckons 
not  only  epithelial  colloid  and  the  hyaline  products  of  connective-tissue  cells,  but  also 
the  hyaline  degeneration  of  the  framework  of  connective  tissue,  the  hyaline  tlu'ombi, 
the  inflammatory  exudations  which  undergo  coagulation  into  a  hyaline  material,  and 
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the  tissue-necroses  which  present  a  hyaline  appearance.  According  to  this  author  these 
products  owe  their  formation  to  a  soldering  together  of  the  component  parts  of  neigh- 
boring cells. 

From  their  external  appearance,  all  the  products  which  I  have  enumerated  may 
properly  receive  the  designation  of  hyalin.  At  the  same  time  the  following  subdivisions 
should  be  recognized :  epithelial  hyalin  (colloid ;  keratohyalin) ;  conjunctival  hyalin 
(hyaline  degeneration  of  the  framework  of  connective  tissue  ;  hyaline  cell-products ; 
cells  which  have  become  hyaline)  ;  blood  hyalin  (hyaline  thrombi)  ;  exudation  hyalin 
(exudations  which  have  been  poured  out  upon  the  surface  of  a  mucous  membrane  or  a 
serous  membrane,  or  into  inflamed  connective  tissue,  or  into  uriniferous  tubules,  or  into 
tubercles,  etc.,  and  have  there  become  converted,  by  a  sort  of  coagulation,  into  hyaline 
material)  ;  and,  finally,  hyaline  tissue-necrosis.  Furthermore,  in  conjunctival  hyalin 
a  distinction  must  be  made  between  a  secretory  hyalin  which  is  the  product  of  cells 
(closely  related,  in  its  mode  of  origin,  to  epithelial  colloid),  and  a  hyaline  degeneration 
of  the  connective-tissue  framework. 


XIII.  Calcification  and  the  Formation  of  Concretions  and  Calculi. 

§  70.  It  is,  on  tlie  whole,  a  rather  frequent  occurrence  for  crystals, 
or  amorphous  and  granular  masses,  to  be  precipitated  here  and  there  in 
the  bod}'  ;  and  when  such  deposits  are  in  sufficient  amount  to  cause 
hardening  of  the  affected  tissue,  the  resultant  condition  is  spoken  of  as 
petrifaction  or,  when  the  deposited  material  consists  of  lime-salts,  as 
calcification. 

Such  deposits  maj^  occur  in  a  tissue  which  forms  an  integral  part  of 
an  organ  and  which  bears  its  normal  relation  to  the  surrounding  tissues. 
In  other  cases  it  may  form  an  incrustation  around  tissues  which  have 
been  separated  in  some  manner  from  their  surroundings,  or  around 
foreign  bodies  which  have  found  their  way 
into  the  body  from  without,  and  have  then 
become  the  centres  of  a  process  of  incrus- 
tation. ■-^^^^^v^---«i'^sÄ^tH'^^ 

In   the  first   case   calcification   of   the       .^'-;^^=^^'>'ßS^^Ml 
tissue  results ;  m  the  second,  free  concre=       ^^^^^^^^^^^^^ 
tions  and  calculi  are  formed.     It  is  to  be       -^=^3r^^^-.>^=^-^^--— ^- 
remembered,    however,    that     concretions      ^ig.  87.-caicmcation  of  the  media  of 
which  may  have   been   at  first  free    may        the  aorta.  Magnified  sso  diameters. 
occasionally  become  firmly  attached  to  the 

tissues  of  the  organ  in  which  they  lie  by  growth  into  them  of  some  of 
the  surrounding  tissue;  and,  on  the  other  hand,  a  portion  of  calcified 
tissue  may  gradualh^  undergo  separation  from  the  surrounding  tissue 
and  ultimately  form  a  free  concretion. 

The  cause  of  calcification  is  for  the  most  part  to  he  found  in  local 
changes  in  the  tissues,  since  the  deposit  of  lime-salts  usually  occurs  in 
localities  in  which  the  tissue  has  already  died  or  is  in  process  of  de- 
generation and  necrobiosis.  It  looks  as  if  dying  tissue,  which  has  un- 
dergone more  or  less  modification,  possesses  a  kind  of  attraction  for  the 
lime-salts  in  solution  in  the  body,  and  enters  into  intimate  combination 
with  them.  Among  the  degenerating  or  dead  tissues  which  are  particu- 
larly prone  to  undergo  calcification  we  may  mention  in  particular  con- 
nective tissue  (§  68)  which  has  undergone  hyaline  degeneration,  is  in 
a  sclerosed  condition,  and  either  contains  no  nuclei  or  is  very  scantily 
provided  with  them;  such  connective  tissue  being  quite  often  encoun- 
tered in  the  walls  of  the  blood-vessels,  in  the  endocardium,  in  an 
enlarged  and  degenerated  thyroid,  or  in  thickenings  of  the  pleura  or 
pericardium.     It  is  common,  also,  in  degenerative  areas  in  the  walls  of 
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blood-vessels,  or  in  tumors,  or  in  any  other  portion  of  the  bod^'  in  which 
hyaline  and  fatty  degeneration  are  in  progress ;  in  degenerating  carti- 
lage; in  degenerating  or  already  dead  cell-bodies,  as,  for  example,  in 
ganglion-cells  [Fig.  88]  or  kidney 
epithelium  (especially  in  corro- 
sive-sublimate, aloin-,  or  bis- 
muth-poisoning [Fig.  89]) ;  or  in 
circumscribed,  cheesy  areas  of 
considerable  size. 

Calcification  occurs,  also,  at 
times  in  tissues  which  have  under- 
gone much  less  degeneration  and 
in   which    there    are    still    living 


Fig.  88. 


Fig.  89. 


Fig.  88.— Calcified  ganglion-cells  from  the  brain  of  a  demented  person  affected  with  hemiplegia  and 
with  a  dropsical  effusion  in  the  ventricle  of  one  side.    Magnified  50(J  diameters. 

Fig.  89.— Calcification  of  the  epithelial  cells  of  the  uriniferous  tubules.  Patient  died  seven  days  after  he 
had  been  poisoned  with  corrosive  sublimate.  (Alcohol;  hiematoxylin.)  a.  Normal  uriniferous  tubule;  h, 
uriniferous  tubule  with  desquamated  epithelium  ;  c,  uriniferous  tubule  with  desquamated,  necrotic,  and  non- 
nucleated  epithelium ;  d,  c,  tubules  with  degenerated  and  calcareous  epithelial  cells.    Magnified  3(X»  diameters. 


cells ;  and  under  very  exceptional  conditions  it  may  take  x:)lace  in  tissues 
which  show  no  recognizable  change.  This  occurs  more  particularly  in 
advanced  age,  when  the  lime-salts  of  the  skeleton  are  undergoing  more 
rapid  absorption,  in  which  case  they  may  be  deposited  in  the  lungs  as 
well  as  in  the  kidneys  and  in  the  mucous  membrane  of  the  stomach. 

The  lime-salts  are  deposited  in  the  form  of  small  granules  (Figs.  87 
and  88),  and  preparations  are  occasionally  met  with  in  which  the  sepa- 
rate calcareous  granules  are  still  visible. 

As  the  result  of  conglomeration  of  these  granules,  larger  masses  and 
spherules  may  be  developed  (Fig.  88).  More  frequently,  however,  a 
more  homogeneous  deposit  forms,  in  which  it  is  impossible  to  distin- 
guish the  individual  granules. 

Both  cells  (Fig.  88)  and  intercellular  substance  (Fig.  87)  may  un- 
dergo calcification,  and  when  calcification  is  in  progress  the  degenerated 
tissue  comports  itself  somewhat  differently  toward  certain  stains  than 
normal,  unchanged  cell-protoplasm  or  intercellular  substance  does. 
Thus  hiematoxylin  imparts  a  dirty  bluish-violet  color  to  it,  and  it  usu- 
ally stains  red  with  picrocarmine  (Fig.  89,  d,  e).  This  applies,  how- 
ever, only  to  deposits  of  carbonates  and  phosphates  of  lime,  not  to  those 
of  oxalate  of  lime. 

Calcification  may  affect  small  or  large  areas  of  tissue,  causing,  in 
the  latter  instance,  distinct  hardening  of  the  tissue  and  a  whitish  colora- 
tion.    At  times  such  calcified  areas  are  sharph'  separated  from  the  sur- 
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rounding  tissue  in  tlie  shape  of  spheroidal,  spindle-shaped,  or  cactus- 
like masses  (Fig.  90  and  Fig.  91,  a,  h,  c),  being  in  reality  concretions 
lying  in  the  tissue.  Not  infrequently  these  are  of  sufficient  size  to  be 
readily  visible  to  the  naked  eye.  Such  concretions  occur  physiologically 
in  the  form  of  stratified  calcific  spherules  in  the  pineal  gland  and  in 
the  choroid  plexus,  and  are  then  known  as  brain-sand  {acervulus  cerebri) . 
Pathologically  thej  are  met  with  in  various  localities  in  the  pia  and 
dura  mater,  in  tumors  of  these  membranes  (psammomata — Fig.  91),  in 
cheesy  areas  (Fig.  90,  b),  and  in  nodular  growths  of  connective  tissue 
(Fig.  90,  a).  The  formation  of  these  bodies  may  perhaps  be  best  de- 
scribed as  it  occurs  in  the  psammomata.  Some  of  the  cells  of  the  tissue 
(Fig.  91,  a,  b,  c)  or  certain  portions  of  fibrillated  connective  tissue  {d) 
undergo  hyaline  degeneration,  the  nuclei  being  at  first  preserved,  but 
later  lost.  In  this  way  small  hyaline  spherical  areas  are  formed,  and  in 
these  the  deposit  of  lime-salts  takes  place.  The  more  spheroidal  con- 
cretions would  appear  to  be  formed  from  masses  of  degenerated  cells, 
while  the  longer,  spindle-shaped  concretions  seem  to  have  their  origin  in 
the  connective  tissue,  though  it  would  appear  that  the  spheroidal  masses 
may  also  be  formed  in  it.  The  variety  of  connective  tissue  which  first 
undergoes  degeneration  and  then  calcification  is  the  ordinary  connective 
tissue,  but  concretions  ma}^  also  occasionally  form  in  the  degenerated 
walls  of  the  blood-vessels. 

§  71.  The  ordinary  petrifaction  or  calcification  of  the  tissues  results 
from  a  deposit  of  carbonate  and  phosphate  of  lime,  to  which  occasion- 
ally magnesium-salts  are  added.  In  certain  states  of  the  body,  however, 
a  deposit  of  uric=acid  salts  takes  place.  This  is  notably  the  case  in 
gout,  in  which  an  excess  of  uric  acid  accumulates  in  the  bod}^  as  the  re- 
sult of  chronic  disturbance  of  nutrition. 

Gout  is  usually  inherited,  though  it  may  occasionally  be  acquired. 


^i 


FIG.  90.  ,     FIG.  91. 

Tig.  90.— Calcareous  concretions,  a.  Concretions  from  an  inflame  omentum  Z),  Calcareous  glands 
from  a  tuberculous  lymph-gland  that  has  undergcne  cheesy  degeneration.    Magnified  200  diameters. 

Fig.  91.— Section  of  a  psammoma  of  the  dura  mater,  with  calcareous  formations.  (Alcohol ;  picnc  acid; 
heematoxylin ;  eosia.)  a.  Hyaline  nucleated  balls  with  an  inclosed  grain  of  calcareous  material;  b.  cal- 
careous formations  surrounded  by  a  non-nucleated  hyaline  substance  encapsulated  in  an  envelope  of  fibrous 
connective  tissue ;  c,  calcareous  nodule  surrounded  by  hyaline  connective  tissue ;  d,  calcareous  spiculie  in 
the  connective  tissue :  e,  a  calcareous  spicule,  with  three  separate  concretions,  embedded  in  the  connective 
tissue.    MagDifled  200  diameters. 

It  is  of  very  frequent  occurrence  in  England  and  in  northern  Germany, 
but  is  rare  in  other  localities,  as,  for  example,  in  southern  Germany. 
As  to  its  ultimate  cause  we  know  practicallv  nothing.     It  is  character- 
12 


192 


URIC-ACID   DEPOSITS. 


izecl  chiefly  by  the  deposit  in  the  body  of  urates  (Fig.  92,  li),  particu- 
larly of  sodium  urate,  with  which  small  quantities  of  carbonates  and 
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Fig.  93.— Deposits  of  urates  in  the  knee-joint,  in  a  case  of  gout,    a,  Condyles  of  the  femur;  b,  deposits  of 
vu-ates  upon  the  cartilaginous  surface.    (Two-thirds  natural  size.) 


phosphates  are  sometimes  associated.  The  deposit  of  these  salts  is 
usually  accompanied  by  symptoms  of  a  verj'  acute  nature — pain  and 
inflammation;  though  at  times,  when  the  deposit  takes  place  very 
slowly,  there  may  be  no  characteristic  acute  attack.  The  kidneys  and 
the  skin  and  subcutaneous  tissue  are  perhai:)S  most  often  affected,  though 
deposits  may  also  take  j^lace  in  the  tendon-sheaths,  the  tendons,  liga- 
ments, synovial  membranes,  and  articular  cartilages  (Fig.  92),  and  ma}- 
ultimately  be  found  in  nearly  every  organ  of  the  body.  The  metatarso- 
phalangeal joint  of  the  great  toe  is  a  favorite  site.  The  deposits  consist 
for  the  most  part  of  bunches  of  fine  acicular  crystals  (Fig.  93),  and  lie 
usually  in  necrotic  tissue;  which  fact  warrants  the  belief  that  the 
urates,  which  enter  the  tissues  in  a  state  of  solution,  are  the  cause  of 
the  necrosis  which  takes  place  in  them. 

The  areas  in  which  this  incrustation  and  necrosis  have  occurred  are 
at  first  small,  but  soon  cause  inflammation  and  proliferation  in  the  sur- 
rounding tissue.     These  areas,  ^  ^ 

with    the    occurrence    of    fresh       T    *^      T    T      •     f *ff^"  ,     -^  1 

deposits,  may  increase  in  size,       \  .\J     r      *       ^^  '     ;  * 

and    in    this   way  often   attain,        \     ^      i     s,        -        f  • 

after  a  time,    considerable   di-       T     ,        7.   ^     [       {      ' 
mensions.       These    larger    de-  ,        : 

posits  are  called  topJii.  They 
consist  of  white,  plaster-like 
substance,  and  at  times  form 
large  rounded  masses,  more  es- 
pecially in  the  joints  and  ten- 
dons (Fig.  94). 

In   the   joints   the   articular 
cartilage  looks  at  first  as  if  it  had  been  sprinkled  over  with  plaster  of 
Paris  (Fig.  92,  h),  but  with  the  lapse  of  time  the  white  substance  pene- 
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Fig.  93.— Deposit  of  needle-shaped  crystals  of  urate 
of  soda  in  the  articular  cartilage.  (After  Lancereaux.; 
Magnified  2(X)  diameters. 
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trates  deeper  and  deeper  into  it,  until  finally  it  may  permeate  tlie  whole 
cartilage.  In  the  kidney  the  necrosis  of  tissue  and  inflammatory  condi- 
tion consequent  upon  a  deposit  of  urates  may  lead  to  induration  and 
contraction  of  the  organ.  The  deposit  is  more  abundant  in  the  medul- 
lary substance  of  the  kidney,  but  is  also  met  with  in  the  cortex. 

According  to  Garrod  and  Ebstein,  the  acute  exacerbation  in  gout  de- 
pends upon  excessive  ac- 
cumulation of  uric  acid, 
either  as  the  result  of  de- 
ficient excretion  by  the 
kidneys  (Garrod)  or  on  ac- 
count of  local  changes  in 
the  affected  tissue  (Ebstein) . 
Pfeiffer  explains  it  by  sup- 
posing that  the  deposits  of 
salts  depend  simply  upon 
the  presence  in  excess,  in 
the  body-liquids,  of  a  sub- 
stance which  is  soluble  with 
difficulty  in  them,  and  which 
therefore  maj^  very  readily 
be  deposited  in  various 
parts  of  the  body,  some- 
times accumulating  therein 
such  quantity  as  to  induce  a 
localized  necrosis.  The 
symptoms  of  the  attack  are 
supposed  to  depend  upon 
a  temi)orary  increase  in 
alkalinity  of  the  liquids  of 
the  body,  enabling  them  to 
dissolve  and  absorb  a  por- 
tion of  the  deposited  salts, 
in  the  course  of  which  pro- 
cedure pain  and  inflamma- 
tion are  induced.  Von 
Noorden,  on  the  other  hand, 
considers  uric-acid  forma- 
tion and  deposit  to  be  a 
secondary  phenomenon, 
caused  by  the  presence  of  a 
localized    ferment   of    some 

sort,  and  quite  independent  of  the  amount  and  condition  of  the  uric  acid 
formed  in  other  parts  of  the  body. 


Fig.  94.  —Gouty  nodes  of  the  hand.    (After  Lancereaux.) 


§  72.  Free  concretions  occur  most  often  in  ducts  and  in  cavities  of 
the  body  which  are  lined  by  epithelium,  as  in  the  intestine,  in  the  ducts 
of  the  glands  pouring  their  secretions  into  the  intestine,  in  the  gall- 
bladder, in  the  urinary  passages,  and  in  the  respiratory  passages.  The 
concretions  occasionally  met  with  in  the  lumina  of  vessels  and  in  serous 
cavities  might  also  be  included  in  this  group,  although  they  are  for  the 
most  part  closely  bound  to  the  surrounding  tissue. 

All  free  concretions  have  an  organic  basis  or  nucleus.  Thus  enteroliths 
which  form  in  the  intestine  have  a  basis  of  inspissated  faeces,  or  hairs 
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(bezoar-stones,  segagropilöe) ,  or  indigestible  vegetable  material,  or  some- 
thing of  the  sort,  in  which  phosphates  of  ammonia,  magnesia,  and  lime, 
and  carbonates  are  deposited  in  varying  proportions,  according  to  the 

nature  of  the  food  taken.  The 
tartar  of  the  teeth  is  formed  by 
the  deposit  of  lime-salts  in  par- 
ticles of  food,  mucus,  or  masses 
of  bacteria,  which  collect  upon 
the  teeth ;  and  it  is  probable  that 
the  calculi  which  form  in  the 
ducts  of  the  salivary  glands  and 
in  the  ducts  of  tlie  pancreas  origi- 
nate primarily  from  a  substance 
derived  from  the  epithelium. 
Bronchial  calculi  result   from 

Fig.  95.-Faceted  concretions  from  the  gaU-bladder.       the    deposit  of  lime-Salts  in  dried 

(Natural  size.)  and    thickened    bronchial    secre- 

tion, and  those  found  in  arteries 
and  veins,  from  calcification  of  thrombi.  Prostatic  calculi  owe  their 
origin  to  a  calcification  of  the  so-called  amyloid  concretions. 

Gall-stones  often  seem  to  be  made  up  entirely  of  crystalline  material; 
but  by  the  employment  of  suitable  methods  of  examination  it  is  always 
possible  to  show  that  they  also  contain  a  nitrogenous  basis.  They  are 
for  the  most  part  si:>heroidal  or  faceted  concretions  of  various  sizes  (Fig. 
95),  whose  cleavage  suggests  a  crystalline  structure.  Several  varieties 
of  gall-stones  are,  in  fact,  distinguished  according  to  the  substance  de- 
posited in  them. 

Thus  there  are  gall-stones  composed  of  Cholesterin  alone,  or  Cholesterin 
and  bile-pigment,  others  of  bilirubin,  others  of  biliverdin  and  lime,  and 
still  others  of  carbonate  of  lime  alone.  The  most  frequent  are  the  first 
two,  and  the  calculi  composed  of  them  have  a  ra^'-like,  crystalline,  and 
sometimes  stratified   cleav-  _ 

age,  and  are  white  or  colored 
in  proportion  to  their  con- 
tent of  bile-pigment.  /f     /  ; .  ^  ' 

If  the  Cholesterin  of  one       f^ 
of  these  gall-stones  is  dis-      /r 
solved  out  by  ether,  it  will      ^  ( 
be  found  that  a  rather  yel- 
lowish   substance    remains,  -^itC^^iS^^^ 
which  preserves  the  shape                             ^r-^'^'-'s:-^^^ 
of   the    original    stone,  and 
which,  when  embedded  and       i 
cut  for  microscopic  exami- 
nation,   will    be    found   to        ^_   'f'-'T-    ' 
consist  of  a  delicate  homo-           '^S^  /^>- 
geneous  material  (Fig.  96)              ^         - 

in    wLipl-i    fliorA    nrA    nanolltT-  FiG.  96.— Transverse  section  of  a  small  so-called  chules>i.iia 

in   wnicn    meie   aie   usually       calcnlus  after  the  removal  of  all  the  Cholesterin.    Magnified 

radiating    spaces    lormerly      i5  diameters. 

occupied   by   the    crystals, 

and  which  frequently  shows  concentric  stratification.     It  is  possible  to 

demonstrate  a  similar  ground-substance  in  other  calculi  after  solution 

of  their  contained  salts. 

There  can,  then,  be  no  doubt  that  gall-stones  also  are  the  result  ot 
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incrustation  of  an  organic  substratum  in  all  probability  derived  from  the 
mucous  membrane  of  the  bile-ducts  and  gall-bladder.  Gall-stones  are 
more  apt  to  form  in  advanced  life ;  stagnation  of  the  bile  in  the  biliary 
passages  favors  their  formation.  Diseases  of  the  mucous  membrane  of 
the  gall-ducts  lead  to  desquamation  and  degeneration  of  the  epithelium, 
and  in  the  products  resulting  from  these  pathological  changes  Cholesterin 
and  bile  coloring-matters  are  deposited.  In  conformity  with  this  view 
is  the  fact  demonstrated  by  Steinmann  that  albuminous  substances  are 
capable  of  precipitating  lime  from  solutions  in  which  it  is  present  as 
chloride  or  sulphate,  in  the  form  of  carbonate ;  and  he  has  shown  that 
the  shells  of  moUusks  are  produced  by  calcification,  in  this  way,  of  mu- 
cous   material    elaborated         ^  ,     - 
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by  the  mantle  epithelium. 
When  a  concretion  has 
once  started,  its  growth 
continues  as  the  result  of 
fresh  deposits  of  degen- 
erated material  which  is 
encrusted  with  Cholesterin 
and  bile-pigment  as  before, 
and  so  on.  At  the  same 
time  the  original  softer 
nucleus  of  the  concretion 
undergoes  a  change  in  that 
its  solid  ingredients  seem 
to  be  attracted  to  the  den- 
ser periphery  of  the  stone, 
while  its  organic  ingre- 
dients may  liquefy.  This 
accounts  for  the  occasional 
presence  of  a  cavity  filled 
with  liquid  in  the  centre 
of  gall-stones.  In  time 
Cholesterin  fills  this  cavity 
and  in  great  part  re- 
places the  bile-pigment  in 
the  remainder  of  the  stone.     Carbonate  of  lime  may  also  be  deposited. 

Gall-stones  consequently  occur  where  epithelium  of  the  mucous 
membrane  is  degenerating,  and  it  is  probable  that  much  of  the  Choles- 
terin which  composes  these  masses  is  derived  from  its  protoplasm. 
The  chalky  deposits  stained  with  bilirubin  have  their  origin  in  the  lime- 
salts  secreted  b}"  the  mucous  membrane,  and  their  precipitation  would 
appear  to  be  aided  by  the  presence,  in  the  secreted  mucus,  of  the  degen- 
erating albuminous  material.  Of  course  the  cause  of  the  epithelial  de- 
generation is  inflammation  of  the  bile-passages,  which  may  be  brought 
about  by  stagnation  of  the  bile,  or  perhaps,  also,  by  penetration  of  bac- 
teria into  the  common  duct. 

Finally,  Ebstein  has  shown  that  the  concretions  and  calculi  found  in, 
the  urinary  passages  are  also  composed  of  an  albuminous  stroma  in 
which  various  ingredients  of  the  urine  have  been  deposited.  These  con- 
cretions are  described,  according  to  their  situation,  as  occurring  in  the 
kidney  or  in  the  urinary  passages  leading  from  it.  In  the  kidney  they 
are,  as  a  rule,  small  deposits  which,  as  already  alluded  to  in  §§  70  and 
71,  may  form  in  the  tissue  of  the  kidney  or  in  the  lumina  of  the  urinary 


Fig.  97.— Uric-acid  infarction  from  a  new-bom  child, 
verse  section  of  a  pyramid  of  the  kidney.  (Alcohol; 
toxylin;  the  drawing  made  from  a  specimen  which  had  heen 
allowed  to  soak  for  some  time  in  water.)  a.  Collecting-tube  of 
the  papillary  zone  of  the  medullary  portion,  seen  in  transverse 
section  and  as  yet  in  a  normal  condition ;  ö,  dilated  collecting- 
tubes  filled  with  uric-acid  concretions ;  c  shows  what  remains 
in  one  of  these  tubes  after  the  concretions  have  been  extracted 
by  the  aid  of  water.    Magnified  200  diameters. 
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tubules,  in  which  latter  case  they  are  interspersed  with  debris  of  the 
tubular  epithelium.  This  is  true,  for  the  most  part,  of  the  calcifications 
which  are  observed  in  cases  of  poisoning  by  corrosive  sublimate,  bis- 
muth, and  aloin,  and,  more  rarely,  in  poisoning  by  phosphorus,  potas- 
sium Chromate,  and  oxalic  acid.  It  is  also  true  of  at  least  some  of  the 
gouty  dej^osits.  Furthermore,  concretions  of  uric  acid  are  frequently 
met  with  in  the  uriniferous  tubules  of  children  who  have  died  during 
the  first  two  weeks  or  so  of  life.  The  epithelium  lining  the  tubules  in 
which  these  concretions  are  found  is  for  the  most  part  well  preserved, 
but  in  places  slight  desquamation  and  degeneration  of  the  desquamated 
cells  will  be  found.  In  the  lumina  of  the  tubules  are  many  small  sphe- 
rules (Fig.  97,  h),  radially  striated,  colorless,  or  slighth^  brow^nish,  and 
composed  chiefly  of  urates  or  of  uric  acid.  On  solution  of  the  uric  acid 
a  fine,  delicate  stroma  remains  (c).  If,  as  the  result  of  the  presence  of 
these  concretions,  further  desquamation  and  degeneration  of  the  epithe- 


FIG. 
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FIG.  98.  FIG.  99. 

-Coi-al-shaped  stx)ne  from  the  bladder,  composed  of  oxalate  and  phosphate  of  lime.    (Natural 


Fig.  99.  -Transverse  section  of  two  stones  from  the  bladder,  closely  fitted  together,  and  composed  of 
urate  of  soda  and  ammonio-magnesium  phosphate.    (Natural  size.) 


lium  take  place,  leading  to  the  formation  of  considerable  albuminous 
degenerated  material  in  the  tubules,  some  of  the  smaller  concretions 
may  gradually  grow,  as  the  result  of  accretion,  to  stones  of  considerable 
size ;  but  this  is  unusual. 

Concretions  may  also  form  in  the  pelvis  of  the  kidney,  in  the  ureters, 
in  the  bladder,  in  the  urethra,  or  even  under  the  prepuce,  in  the  form  of 
sand,  gravel,  or  calculi.  The  last-mentioned  are  spheroidal  or  oval  in 
shape,  as  a  rule,  and  may  be  smooth  upon  the  surface,  or  rough,  mul- 
berry-like or  coral-like  (Figs.  98  and  99).  AYhen  several  stones  lie 
together,  their  adjacent  surfaces  usually  become  faceted,  as  shown  in 
Fig.  99.  When  they  occupy  the  pelvis  of  the  kidney,  their  shape  not 
infrequently  represents  quite  accurately  the  shape  of  the  pelvis. 

Seen  in  section,  urinary  calculi  are  sometimes  homogeneous,  at  other 
times  distinctly  stratified  (Fig.  99)  or  radially  streaked,  and  often  show 
a  nucleus  and  several  distinct  zones  of  different  appearance.  Ebstein 
has  shown  that  in  these  calculi,  also,  an  organic  substance,  albuminous 
in  nature,  is  left  after  solution  of  the  various  salts.  In  stratified  calculi 
this  stroma  also  shows  stratification,  often  with  radially  disposed  slits. 
"When  stratification  is  absent,  the  stroma  is  composed  of  a  network  of 
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irregular  construction,  or,  more  rarely,  of  a  homogeneous  mass.  There 
would  seem  to  be  little  doubt  that  the  crystalline  bodies  are  deposited  in 
this  stroma,  partly  in  the  spaces  and  partly  in  its  substance ;  and  it  is 
also  most  probable  that  the  stroma  itself  is  a  product  of  the  mucous 
membrane  of  the  urinary  passages,  whose  formation  is  assisted  by  the 
accumulation  of  debris  and  mucus  consequent  upon  catarrhal  inflamma- 
tion or  upon  toxic  degeneration  of  the  epithelium. 

What  i^articular  substances  are  deposited  in  any  given  case  of  stone- 
formation  depends  upon  a  variety  of  circumstances.  When  the  uric- 
acid  diathesis  is  present  coincidently  with  the  condition  of  epithelial 
degeneration  necessary  to  the  formation  of  a  calculus,  urates  are  usually 
deijosited.  Decomposition  of  the  urine,  with  formation  of  ammonio- 
magnesium  phosphate,  gives  the  condition  necessary  for  the  formation 
of  a  phosphatic  calculus.  Cystin  calculi  may  form  when  cystin  is  ex- 
creted by  the  kidneys  as  the  result  of  peculiar  metamorphoses  of  albu- 
minous material  in  the  intestine,  brought  about  by  bacteria  (Baumann, 
von  Udransky,  Brieger).  When  a  calculus  has  once  begun  to  form,  the 
irritation  of  the  mucous  membrane  which  it  produces,  and  the  decompo- 
sition which  results  from  stagnation  of  the  urine,  cause  its  further  growth 
by  fresh  accretion,  and  in  the  same  way  foreign  bodies  which  have  in  any 
manner  found  their  way  into  the  bladder  may  act  as  a  nucleus  for  a  cal- 
culus. 

Urinary  calculi  are  classified  according  to  the  substances  of  which  they  are  com- 
1,  as  follows : 

1.  Calculi  composed  chiefly  of  uric  acid  or  urates. 

■  Pure  uric-acid  calculi  Sive  for  the  most  part  small,  hard.  They  are  yellowish,  red- 
.  dish,  or  brownish  in  color. 

Calculi  of  urates  are  rarely  pure.  They  are  usually  covered  on  the  surface  by  coat- 
ings of  oxalate  of  lime  and  ammonio-magnesium  phosphate. 

2.  Calculi  composed  chiefly  of  phosphates  and  carbonates. 

To  this  group  belong  calculi  composed  of  calcium  phosphate,  ammonio-magnesium 
phosphate,  and  calcium  carbonate.  The  last  mentioned  are  rare.  All  these  calculi  are 
white  or  grayish.  Those  composed  of  the  triple  phosphate  are  soft  and  friable  ;  the 
others  are  hard. 

3.  Calculi  composed  of  calcium  oxalate.  They  are  hard  and  rough.  Their  color  is 
brown. 

4.  Calculi  composed  of  cystin.     These  are  soft,  waxy,  and  brownish-yellow. 

5.  Calculi  composed  of  xanthin.  These  are  cinnabar  red  in  color,  smooth,  and  their 
fracture  is  earthy. 

Ebstein  and  Nicolaier  succeeded  in  producing  urinary  calculi  artificially  by  feed- 
ing animals  with  oxamide,  an  ammonium  derivate  of  oxalic  acid,  as  the  result  of  which 
concretions  of  a  greenish-yellow  color  formed  in  the  urinary  passages  of  dogs  and  rab- 
bits. These  were  found  to  be  composed  of  oxamide  and  to  have  a  concentrically 
stratified  structure  with  radial  striations.  They  possessed  an  albuminous  stroma,  which 
resulted  from  desquamation  and  necrosis  of  the  tubular  epithelium  induced  in  the 
excretion  of  the  oxamide. 

XIV.  The  Pathological  Formation  of  Pigment. 

§  73 „  Pigment  is  normally  present  in  connective  and  epithelial  tis- 
sues in  several  parts  of  the  body  (autochthonous  pigment).  It  lies 
within  the  cell-bodies  and  consists  of  yellow,  brown,  and  black  granules, 
or  is  diffuse,  imparting  its  color  to  the  cell-protoplasm.  These  pigment 
granules  are  known  by  the  various  names  of  melanin,  lipochrome,  and 
haemof  uscin.  Among  the  epithelial  structures  containing  pigment  may 
be  mentioned  the  deepest  layers  of  the  rete  Malpighii  which  in  all  the 
colored  parts  of  the  skin  contain  pigment,  the  hairs,  the  pigment  epithe- 
lium of  the  retina,  and  many  ganglion-cells.     In  the  skin  the  pigment 
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granules  are  for  the  most  part  yellow  and  brown ;  in  tlie  retina,  black. 
Wlien  the  skin  is  unusually  dark,  other  layers  of  the  rete  Malpij^hii 
contain  pigment  also.  Among  the  connective-tissue  structures  which 
may  contain  yellow  or  brown  pigment  granules  are  the  cells  of  the  i:)ia, 
of  the  choroid,  of  the  sclerotic,  of  tlie  cutis  vera,  of  the  heart-muscle, 
and  of  the  non-striated  muscular  fibres  of  the  intestine. 

Under  various  physiological  and  pathological  conditions  this  normal 

pigment,  of  autochthonous  origin,  may 
increase  in  amount.  Thus  durwg  jyreg- 
nancy  the  pigment  of  the  skin  usually  in- 
creases more  or  less  {chloasma  uterinum), 
particularly  in  brunettes.  In  Addison's 
disease,  which  would  appear  to  depend 
upon  changes  in  the  su])rarenal  cap- 
sules (compare  §  24),  decided  pigmenta- 
tion of  the  skin  occurs  as  the  result  of 
increase  of  the  normal  i)igment.  In 
atrophic  conditions  of  the  heart-muscle 
there  is  usually  increase  of  its  pigment, 
and  atrophy  of  the  voluntary  muscles  is 
often  accomi:)anied  by  an  accumulation 
of  yellow  pigment  in  the  fibres.  In  old 
persoDS  the  smooth  muscle-fibres  of  the 
intestine  always  contain  more  or  less 
pigment,  and  when  this  is  the  case  the 
external  surface  of  the  intestine  may 
present  a  yellowish  or  a  yellowish- 
brown  coloration. 

The  most  intense  grades  of  patho- 
logical pigmentation  are  met  with  in 
frecldes,  in  pigmented  moles  (Fig.  100), 
and  in  various  pigmented  tumors 
(melanotic  tumors).  The  amount  of  pig- 
ment may  be  so  great  as  to  impart  a 
perfectly  black  color  to  the  tissue. 

The  pigment  is  for  the  most  part 
contained  in  the  cell-bodies  (chromato- 
phores),  though  it  is  occasionally  in  the 
intracellular  substance  also,  and  is  com- 
posed of  yellow,  brown,  or  black  gran- 
ules. Occasionally  cells  are  diffusely 
colored.  In  Addison's  disease  the  pigment  granules  are  situated  partly 
in  the  epithelial  cells — especially  in  those  which  lie  directly  upon  the 
connective  tissue  (Fig.  101,  A,  a,  h,  and  B,  a) — and  partly  in  branched 
connective-tissue  cells,  some  of  the  pigmented  branches  of  which,  as  a 
rule,  extend  up  between  the  epithelial  cells  (B,  c). 

In  pigmented  spots  in  the  skin  and  in  melanotic  sarcomata  the  pig- 
ment is  to  a  great  extent  contained  in  large,  specially  differentiated  con- 
nective-tissue cells,  in  part  also  in  ordinary-  connective-tissue  cells  in 
the  neighborhood  of  blood-vessels  and  in  their  walls. 

So  far  as  may  be  inferred  from  histological  examination,  the  pigments 
ivhich  toe  have  been  describing  are  the  result  of  a  special  Mnd  of  cell  activity, 
and  we  must  suppose  that  many  connective-tissue  cells,  ganglion-cells, 
and  muscle-cells  are  able  to  form  pigment  out  of  the  material  brought  to 


Fig.  100.— Large  hairy  pigmented  mole 
over  the  lower  part  of  the  back  and  on  the 
posterior  aspect  of  the  hip,  with  scattered 
spots  of  discoloration  over  the  trunk  and 
shoulders.    (From  Röhring.) 
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tliem.  The  pigment  would  appear  to  be  formed  for  the  most  part  where 
it  is  found,  though  it  has  been  shown  that  it  may  at  times  be  trans- 
ported, and  that  the  pigment  of  the  skin  in  particular,  as  well  as  that  of 
the  hair,  is,  in  part  at  least,  formed  in  connective-tissue  cells  lying  close 
under  the  rete  Malpighii,  and  sending  branching  jjrocesses  (Fig.  101,  c, 
d)  between  its  epithelial  cells,  from  which  the  pigment  is  taken  into  the 
epithelial  cells. 

The  frequent  proximity  of  the  pigment  to  blood-vessels  seems  to 
indicate  that  its  antecedents  are  derived  from  the  blood,  and  many  accept 
the  theory  without  question  that  the  pigment  is  derived  from  the  color- 
ing-matter of  the  blood.  It  is  distinctly  against  this  view,  however, 
that  wheD  pigment  is  found  in  the  neighborhood  of  blood-vessels,  there 
is  usually  an  entire  absence 
of  any  evidence  in  the  blood 
itself,  or  in  the  neighborhood 
of  the  vessels,  suggestive  of 
an  escape  of  the  blood-cor- 
puscles or  of  a  breaking  down 
and  solution  of  the  same. 
From  this  circumstance  it 
seems  probable  that  the  pig- 
ment is  formed  either  from 
the  circulating  albumin  or 
from  the  albumin  of  the  cells. 

The  attempt  has  been 
made  to  solve  this  question  by 
chemical  means,  with  the  re- 
sult that  several  facts  have 
been  discovered  tending  to 
show  that  the  pigments  are 
products  of  cell-activity  and 
are  formed  from  albuminous 
bodies.  The  different  forms 
of  melanin,  among  which  the 
pigments  of  the  skin  and  of 
the  choroid  membrane  are 
usually  classed,  are  bodies  all 

of  which — according  to  the  investigations  of  von  Nencki,  Sieber,  Abel, 
Davids,  and  Schmiedeberg — are  rich  in  sulphur  and  contain  nitrogen. 
Nevertheless,  they  differ  in  their  chemical  composition.  According  to 
Schmiedeberg,  this  varying  composition  is  due  to  the  differences  in 
their  mode  of  origin ;  for  these  different  forms  of  coloring  matter  repre- 
sent the  final  product  of  a  long  series  of  metamoriDhoses  that  occur  in  the 
products  of  cdhuminous  bodies.  In  this  respect  we  may  compare  the 
gradual  development  of  this  final  product  with  that  of  humus  (the  or- 
dinary dark-brown  soil).  The  genuine  albuminous  bodies  or  substan- 
ces do  not,  according  to  Schmiedeberg,  furnish  the  material  for  the 
building  up  of  this  final  product.  It  is  contributed,  rather,  by  the  sul- 
phur-containing products  which  result  from  the  splitting  up  of  these 
albuminous  substances,  and  which,  furthermore,  have  already  experi- 
enced the  loss  resulting  from  the  separation  of  certain  carbon-containing 
groups.  Ultimately,  therefore,  the  combinations  from  which  the  differ- 
ent forms  of  melanin  are  derived  are  richer  in  sulphur  than  are  the  car- 
bon-containing products. 


Fig.  101,  A  and  B.— Pigmented  cells  of  the  skin,  from  a 
case  of  Addison's  disease  with  cheesy  tuberculosis  of  both 
suprarenal  capsules.  (Alcohol:  carmine.)  a,  Pigmented 
epithelial  cells  from  the  deepest  layer  in  a  section  made  at 
right  angles  to  the  surface ;  A,  b,  pigmented  epithelial  cells 
from  a  section  made  in  a  plane  parallel  with  the  surface ;  B, 
?>,  epithelial  cells  containing  no  pigment;  Ci.  c,  nucleated 
pigmented  connective-tissue  cells,  the  terminal  processes  of 
which  push  their  way,  in  B,  between  the  epithelial  cells ;  c?, 
pigmented  terminal  processes  of  cells.  Magnified  350  diam- 
eters. 
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The  majority  of  authors  maintain  that  the  various  forms  of  melanin 
contain  no  iron.  On  the  other  hand,  Brandl,  Pfeifi'er,  Mürner,  and 
others  have  found  small  quantities  of  iron  in  melanosarcomata. 

The  mere  fact  that  the  pigment  of  melanotic  tumors  contains  iron  is 
no  proof  that  it  is  derived  from  the  haemoglobin,  since  tumors  often  con- 
tain, in  addition  to  melanin  granules,  other  j^roducts  of  the  disintegra- 
tion of  the  blood — products  which  are  distinctly  colored  and  which  con- 
tain iron.  It  is  not  i^ossible  to  demonstrate,  even  microchemically,  the 
presence  of  iron  in  most  of  the  pigment  granules. 

Yery  little  is  known  in  regard  to  the  origin  of  the  different  forms  of 
lipochrome,  which  supi)lies  the  coloring  matter  for  fatty  tissue,  for  the 
corpora  lutea,  for  the  ganglion  cells  (Eosin),  and  for  those  greeu-col- 
ored  tumors  which  are  termed  chloromata  (Krukeuberg). 

The  term  haemofuscin  has  been  applied  by  von  Eeckliüghausen  and 
Goebel  to  certain  yellowish  bodies  which  contain  no  iron  and  which  are 
found  in  the  muscle-cells  of  the  heart-muscle,  in  the  smooth  and  the 
transversely  striated  muscular  fibres,  in  the  cells  of  the  gastric,  intestinal, 
and  lachrymal  glands,  and  in  the  mucous  and  sweat  glands.  Accord- 
ing to  von  Eecklinghausen,  these  bodies  are  derived  from  the  blood; 
nevertheless,  it  has  not  been  established  as  a  fact  that  haemoglobin  pro- 
duces this  material,  and  consequently  these  bodies  cannot  be  classed, 
with  any  degree  of  confidence,  among  the  haemochromatoses  (§  74).  It 
is  not  unlikely  that  they  originate  in  much  the  same  manner  as  do  the 
different  forms  of  melanin. 

Aeby  was  the  first  to  express  the  belief  that  the  epithelial  cells  themselves  do  not 
form  pigment,  but  derive  that  which  is  found  in  them  from  wandering  cells  laden  with 
pigment,  which  penetrate  between  the  individual  epithelial  cells  and  then  degenerate, 
the  pigment  and  debris  of  the  cells  being  taken  up  by  the  epithelium.  According  to 
von  KöUiker,  "the  pigment  of  the  hair  and  of  the  skin  is  derived  from  pigmented  con- 
nective-tissue cells  which  send  processes  between  the  epithelial  cells  of  the  deepest  layers 
of  the  hair-bulbs  and  of  the  rete  Malpighii,  which  processes  divide  and  subdivide, 
penetrating  deeper  and  deeper  between  the  cells,  and  in  some  instances  even  passing 
into  the  bodies  of  the  cells  themselves  and  depositing  their  pigment  there.  Tliese  pig- 
mented connective-tissue  cells  are  always  confined  to  the  deepest  layers  of  the  rete." 
The  pigment  of  the  ganglion-cells  and  of  the  cells  of  the  retina  is  formed  in  these  cells 
themselves.  Riehl  and  Ehrmann  concur  with  von  Kölliker  in  this  opinion.  Karg  has 
arrived  at  much  the  same  conclusion,  as  the  result  of  the  study  of  the  effect  of  gi-afting 
white  skin  on  the  floor  of  an  ulcer  of  the  leg  in  a  negi'O.  In  the  com'se  of  from  twelve 
to  fourteen  weeks  the  grafted  skin  became  quite  black,  like  the  skin  of  the  rest  of  the 
negro's  body.  Examination  showed  fine  pigmented  processes,  believed  to  be  offshoots 
of  connective-tissue  cells,  lying  between  the  epithelial  cells  at  a  time  when  the  epithelial 
cells  themselves  had  not  as  yet  become  pigmented.  Yon  Wild  has  also  shown  that  in 
melanosarcomata  of  the  skin  the  pigmented  connective-tissue  cells  penetrate  between  the 
epithelial  cells.  The  pigmented  skin  of  persons  affected  with  Addison's  disease  shows 
similar  pigmented  connective-tissue  cells,  though  these  are  not  always  to  be  found  every- 
where m  such  cases. 

Histological  studies  of  the  mode  of  formation  of  pigments  in  animals,  which  have 
been  carried  on  chiefly  on  fishes,  amphibia,  and  reptiles,  have  led  to  various  conclusions. 
Thus  Jarisch  is  of  the  opinion  that  the  pigment  of  the  skin  and  teeth  of  tadpoles  is  not 
derived  from  the  blood,  but  is  a  product  of  the  protoplasm  of  the  cells,  while  List  thinks 
that  he  can  trace  the  pigment  of  the  skin  of  fishes  and  amphibia  to  disintegrated  red 
corpuscles.  According  to  Kromayer,  the  pigment  of  tlie  skin  of  mammals  is  derived 
from  protoplasmic  processes  of  the  epithelial  cells  ana  represents  a  product  of  their  de- 
generation. 

A  curious  melanosis  of  the  internal  organs  is  met  with  in  some  domesticated 
animals,  occasionally  associated  with  melanosis  of  the  subcutaneous  tissue,  in  which  the 
heart,  lungs,  intestine,  etc. ,  contain  grayish  or  black  spots,  looking  like  ink-spots,  in 
varying  numbers,  and  which  are  produced  by  the  presence  of  pigment  in  connective- 
tissue  cells  otherwise  apparently  healthy. 

Virchow  has  described,  under  the  term  ochronosis  of  cartilage,  a  peculiar  pig- 
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mentation  of  cartilaginous  structures,  tendon-sheaths,  and  synovial  membranes  by  an 
iron-free  pigment,  whose  imbibition  into  the  matrix  of  the  cartilage  imparts  to  it  a 
brownish  or  black  color.  He  explains  this  on  the  supposition  that  blood-pigment  has 
soaked  into  the  stroma  of  the  cartilage,  and  compares  this  form  of  pigmentation  with 
that  which  occurs  in  freckles.  It  is  probable  that  this  condition  is  only  a  more  pro- 
nounced form  of  the  diffuse  brownish  pigmentation  especially  noticeable  in  the  costal  car- 
tilages of  old  persons.     Occasionally  this  pigment  is  also  deposited  in  granular  form, 

§  74.  Hsematogenous  pigment — that  is  to  say,  pigment  luJiose  origin 
from  the  hlood-coloring  ^matter  is  certain — is  derived  usually  from  blood 
which  has  escaped  from  the  vessels  or  has  undergone  coagulation  in  the 
vessels,  and  consequently  depends  iqjon  local  changes.  Occasionally, 
also,  it  maj'  be  traced  to  the  absorption  of  haemoglobin  by  the  blood,  or 
to  changes  in  the  blood  as  the  result  of  which  granular  pigment  or  hsemo- 
globin  gets  into  the  plasma  and  when  deposited  gives  rise  to  pigmenta- 
tion of  the  tissue.  Such  deposits  of  blood-pigment  have  been  called 
hcernochromatoses  hj  von  Eecklinghausen. 

Extravasations  of  blood  quickly  undergo  changes  which  are  visible, 
even  to  the  naked  eye.  In  the  skin  they  are  at  first  brownish,  then  blue- 
green,      and      yellow. 

When  small  hemorrhages  4  _       '   

have  occurred  in  the  sub- 
stance of  a  tissue,  as  in 
the  peritoneum,  pleura, 
or    lung,    reddish-brown 

or  blackish  spots  will  be  V^  '^' /k 

visible    long     afterward.  ^^     //I  / 

In   bodies   which    are  «  |6      /  '.^^ 

rapidly  putrefying  these  m^^ 

areas   may   be    slate-col- 
ored.      Larger      hemor- 
rhages into  the  tissues—  p^^^  102.— a,  Cells  containing  amorphous  blood  pigment:   a, 
tor  example,  m  the    brain       those  in  which  there  are  only  a  few  larger  fragments  of  red  blood- 
i  1        1                              1           corpuscles ;  b,  c,  those  in  wiilch  these  fragments  are  numerous,  but 
or    m    tne    lUng      come  10       quite  small ;  B,  rhombic  plates  and  needles  of  haematoldin.    Mag- 

have  a  rusty  color  after  a     niüed  500  diameters. 
time,   and  still  later  the 

affected  spot  shows  ochre-yellow,  yellowish-brown,  or  brown  pigmenta- 
tion. Corresponding  with  all  these  changes  in  color  are  physical  and 
chemical  changes  in  the  haemoglobin  and  in  the  iron  contained  in  it. 

When  hemorrhages  occur  in  the  tissues  or  in  any  of  the  cavities 
of  the  body,  a  considerable  quantity  of  the  blood-plasma  and  of  the  cor- 
puscles is  taken  up  unchanged  by  the  lymph- vessels  in  the  neighbor- 
hood. Other  red  corpuscles  seem  to  have  the  haemoglobin  dissolved  out 
of  them,  leaving  the  colorless  stroma.  This  dissolved  hcEmoglobin  dif- 
fuses itself  into  the  surrounding  tissues  and  gives  rise  to  the  changes 
in  color  of  the  tissues  in  the  neighborhood  of  the  extravasation.  ^  Part 
of  this  dissolved  coloring-matter  may  be  eliminated  in  the  urine  in  the 
form  of  urobilin  {urohilinuria) ,  but  some  of  it  is  precipitated  in  the  tissue 
in  the  form  of  granules  and  crystals.  These  latter^  are  yellowish-red  or 
ruby- red  rhomhic  i^lates  and  needles  of  hwmatoidin  (Fig.  102,  B),  and  are  a 
frequent  residuum  of  hemorrhages.  Part  of  the  dissolved  blood-pig- 
ment may  be  taken  up  by  cells  and  be  converted  by  them  into  yellow  and 
brown  pigment  granules. 

A  third  portion  of  the  blood-corpuscles  in  breaking  down^  form  yel- 
low and  broivn  pigment  granules  and  scales.     This  occurs  particularly  in 
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the  larger  extravasations — in  the  so-called  hannatomatn .  Pigment 
derived  in  any  of  these  ways  from  the  blood  is  very  frequently  taken  uj) 
by  cells,  and  in  this  manner  are  formed  the  so-called  hlood-corpuscle  cdh 
and 2^ig'tnent-carrying  cells  (Fig.  102,  A,  and  Fig.  103,  r/,  h). 

AVhen  red  blood-corpuscles  are  just  beginning  to  disintegrate,  the 
coloring-matter  found  is  haemoglobin;  but  this  is  quickly  changed,  and 
the  yellow  and  brown  masses  and  granules  found  both  in  the  cells  and 
lying  free  in  the  tissue  are,  as  a  rule,  derivatives  of  hsemoglobin  and 
not  haemoglobin  itself.  These  derivatives  of  haemoglobin  are  divided 
into  two  groups  according  as  they  contain  iron  or  not,  the  former  being 
called  hcemosiderin,  the  latter  hcematoidhi. 

Hsematoidin,  identical  chemically  with  hiliruhiu,  is  a  ruby-red  (Fig. 
102,  B)  or  reddish-yellow  (Fig.  103,  h)  pigment,  which  occurs  either  in 
crystalline  form  or  as  irregular  granules,  which  may  be  quite  amorphous 
or  may  be  rather  angular  in  shape,  suggesting  a  rudimentary  and  imper- 
fect crystalline  form.     It  is  soluble  in  chloroform,  carbon  disulphide, 


Fig.  103.— Cells  containing  hfemosiderin  and  hEematoidin,  from  an  old  hemorrhagic  focus  in  the  brain. 
(Alcohol;  Berlin  blue  reaction.)  a.  Cells  containing  hsemosiderin ;  />,  cells  containing  haematoidin;  c,  Eat- 
granule  cells  which  have  become  clear ;  d,  newly  formed  connective  tissue.    Magnified  3()0  diameters. 

and  absolute  ether,  but  insoluble  in  water  and  alcohol.  It  would  appear 
to  be  more  abundant  when  the  blood-pigment  is  not  much  exposed  to 
the  action  of  living  cells,  as  in  the  centre  of  large  exti^avasations  and  in 
hemorrhages  into  preformed  cavities  of  the  body,  as,  for  example,  into 
the  pelvis  of  the  kidney  or  into  the  subdural  sjDace.  It  may  be  produced 
artificially  by  introducing  blood  in  glass  cells  under  the  skin  or  into  the 
peritoneal  cavity  in  such  a  way  that  the  body-fluids  may  have  access  to  it. 

The  granules  and  crystals  of  haematoidin  are  found  both  in  the  cells 
(Fig.  103,  Z>)  and  loose  in  the  tissues  (Fig.  102,  Bj.  When  it  is  con- 
tained in  cells  it  has  usually  got  there  as  the  result  of  phagocytosis, 
though  occasionally,  particularly  in  cartilage-  and  fat-cells,  the  haema- 
toidin will  have  been  absorbed  while  in  solution,  and  have  been  depos- 
ited afterward  in  the  solid  form. 

Haemosiderin,  the  derivative  of  haemoglobin  containing  iron^  is  met 
with  in  the  tissues  for  the  most  part  in  the  form  of  yellow,  orange,  or 
brown  masses  and  granules,  which  deepen  in  color  with  time,  and  are 
usually  contained  in  cells,  sometimes  in  the  very  red  corpuscles  from 
which  the  haemoglobin  has  been  absorbed.  When  treated  with  potas- 
sium ferrocyanide  and  dilute  hydrochloric  acid,  haemosiderin  becomes 
blue  as  the  result  of  the  formation  of  Prussian  blue  (Fig.  103,  o);  it 
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becomes  black  when  acted  upon  by  sulphide  of  ammonium,  iron  sulphide 
being  formed. 

Hsemosiderin  is  formed,  according  to  Neumann,  more  particularly 
when  the  extravasated  blood,  or  that  composing  a  thrombus  in  a  vessel, 
is  subjected  to  the  action  of  the  cells,  and  it  is  consequently  more  abun- 
dant in  small  extravasations  and  in  the  neighborhood  of  larger  ones. 
The  formation  of  hsemosiderin  may  take  i^lace  in  the  cells  or  in  the 
intercellular  spaces.  That  which  is  found  in  the  cells  may  have  been 
formed  from  fragments  of  disintegrated  blood-corpuscles  which  have  been 
taken  up  by  the  cells,  or  from  dissolved  haemoglobin  which  has  infil- 
trated them,  as  is  indicated  by  the  occasional  finding  of  both  wandering 
and  fixed  cells  whose  bodies  are  stained  diffusely  yellow  and  which  are 
stained  blue  by  the  Prussian-blue  reaction.  Furthermore,  when  haemo- 
globin is  excreted  by  the  kidneys,  iron-containing  pigment  frequently 
forms  in  the  tubular  epithelium;  and  cartilage-cells,  which  could  hardly 
be  suxjposed  to  act  as 
phagocytes  and  take 
up  solid  fragments  of 
blood-corpuscles,  often 
contain  granules  of  sim- 
ilar pigment,  even  when 
lying  at  some  distance 
from  a  hemorrhagic 
area. 

The  free  pigment 
and  the  pigmented  cells, 
then,  cause  distinct  and 
early  pigmentation  of 
the  tissue  in  the  neigh- 
borhood of  an  area  of 
extravasated  blood. 
But  soon  the  pigmented 

cells  find  their  way  into  the  lymph-channels  and  form  metastases  along 
the  course  of  the  lymphatics  and  in  the  adjoining  lymph-nodes  (Fig. 
104) ,  in  which  at  first  the  pigment  is  lodged  in  the  bodies  of  the  free 
lymphoid  cells,  but  later  may  come  to  lie  in  the  tissue-cells  also.  After 
a  time  hsemosiderin  is  either  destroyed  and  disappears,  or  it  changes 
into  a  pigment  which  no  longer  gives  the  reaction  for  iron. 

If  haemosiderin  comes  in  contact  after  death  with  hydrogen  sulphide 
it  becomes  black,  and  then  causes  the  black  and  gray  spots  or  diffuse 
patches  spoken  of  as  pseudomelanosis.  This  is  observed  most  often  in 
the  intestine,  in  the  peritoneum,  and  in  suppurating  wounds,  since  in 
these  localities  hydrogen  sulphide  is  more  apt  to  be  formed  in  the  course 
of  putrefaction. 

The  question  whether  hfemosiclerin  granules  may  be  converted  into  a  pigment  de- 
void of  iron  is  differeutlly  answered  by  different  authors.  M.  Schmidt  and  Xeumann 
are  of  the  opinion  that  the  iron  reaction  of  htemosiderin  is  by  no  means  constant,  that 
it  is  quickly  lost,  and  that  it  may  even  be  absent  from  the  first.  The  fact  is  that  not 
infrequently  the  iron  reaction  is  not  obtained  when  the  conditions  are  all  such  as  to  lead 
one  to  infer  the  presence  of  hsemosiderin.  From  this  circumstance  we  are  warranted  in 
drawing  the  conclusion  that  the  iron  may  disappear  from  the  htemosiderin,  or  else  it 
may  undergo  a  modification  which  it  is  impossible  to  demonstrate  by  microchemical 
methods  ;  either  one  of  these  changes  may  take  place  without  the  occurrence  of  any  loss 
of  color  in  the  affected  granule.  This  phenomenon  is  observed  oftenest  in  hjemosiderin 
in  the  lungs,  and  under  these  circumstances  it  assumes  a  dark-brown  color. 

The  black  pigment  characteristic  of  pseudomelanosis  has  been  believed  by  most 


Fig.  lot.— Accumulation  of  cells  containing  pigment  granules  in 
the  lymph-glands  after  the  absoriJtion  of  an  extravasation  of  blood. 
(Müller's  fluid;  carmine.)  a.  Peripheral  nodule :  b.  lymph-sinus ;  c, 
cells  containing  pigment  granules.    Magnified  100  diameters. 
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authorities  to  be  due  to  the  formation  of  sulphide  of  iron  as  the  result  of  the  action  of 
hydrogen  sulphide  upon  the  iron  of  the  haemoglobin.  According  to  the  investigations 
of  E.  Neumann,  pseudomelanin  owes  its  origin  to  a  simple  cadaveric  process  of  decom- 
position. It  depends  to  a  large  extent  upon  local  conditions,  one  of  which  is  that  iron- 
containing  products  of  the  decomposition  of  hgemoglobin  should  be  formed  dm-ing  life, 
whereupon  the  hsemosiderin,  through  the  action  of  hydrogen  sulphide,  assumes  after 
death  a  black  coloring.  According  to  the  investigations  of  Zeller,  Arnold,  and  Ernst 
{Centralhl.  /.  allg.  Path.,  vii.,  p.  858),  black  pigment  may  also  be  formed  during  life 
through  the  agency  of  bacteria  which  produce  hydrogen  sulphide. 

§  75.  When  large  numbers  of  red  blood=corpuscles  break  down  in 
the  blood,  lisemoglobin  or  metlisemoglobin  may  come  to  be  dissolved  in 
the  plasma,  or  i)ortions  of  broken-down  corijuscles  may  be  swept  about 
in  the  circulation.  This  condition  is  most  pronounced  in  poisoning  by 
arsenic,  toluylendiamin,  potassium  chlorate,  and  mushroom,  though  it 
is  observed  also  in  many  infectious  diseases,  in  malaria,  and  in  perni- 
cious angemia.  Dissolved  haemoglobin  or  methgemoglobin  imjjarts  a  red 
color  to  the  blood-plasma  (compare  §  10),  and  this  condition  is  termed 
hcemoglohincemia.  When  much  dissolved  haemoglobin  is  contained  in  the 
blood  a  portion  of  it  may  be  excreted  by  the  kidneys,  giving  rise  to 
licemoglobinuria  and  methcemocjlohwuria,  in  which  case  the  urine  is  of  a 
reddish  color  that  varies  from  a  light  brownish-red  to  a  decidedly  dark 
red.  This  is  especiallj^  the  case  in  arsenic-poisoning,  but  occurs  occa- 
sionally as  the  result  of  other  influences,  as,  for  example,  after  exposure 
to  cold  (periodical  hsemoglobinuria) . 

When  the  disintegration  of  the  red  corpuscles  is  not  so  comi:>lete,  and 
fragments  of  them  remain  in  the  blood,  as  is  the  case  not  infrequently 
after  burns,  the  fragments  accumulate  in  the  cai^illaries  of  the  liver, 
spleen,  lymph-nodes,  and  bone-marrow,  and  to  a  much  less  extent  in 
some  of  the  other  organs.     Sooner  or  later  they  are  taken  up  by  cells. 

In  the  liver,  as  the  result  of  this  increased  supply  of  haemoglobin, 
there  is  considerable  increase  of  functional  activity,  which  is  shown  by 
the  presence  of  an  increased  amount  of  bile-pigment  in  the  bile,  and 

occasionally  oxy  haemoglobin 
also  may  be  present  in  it 
(Stern).  At  times,  when  the 
amount  of  haemoglobin  brought 
to  the  liver  is  too  great  to  be 
wholly  disposed  of  in  this  way, 
one  or  other  of  the  derivatives 
of  haemoglobin  may  be  depos= 
ited  in  the  cells  of  the  liver 
itself  or  in  other  organs,  or 
may  be  eliminated  by  the 
kidneys.  When  organs  are 
colored  yellow,  orange,  or 
brown  as  the  result  of  such  de- 
posits, the  condition  has  been 
aptly  named  by  von  Keckling- 
hauseu  hsemochromatosis. 
The  derivatives  of  haemo- 
globin deposited  in  this  way  are  the  same  as  those  met  with  in  other  ex- 
travasations of  blood,  and  consist  partly  of  pigments  free  from  iron 
and  partly  of  haemosiderin.  The  latter  is  a  frequent  cause  of  pigmenta- 
tion of  the  tissues,  and  it  is  therefore  permissible  to  speak  of  a  pigmen= 
tation  by  hsematogenous  siderosis. 


Fig,  105.— Infiltration  of  the  trabeculse  of  liver-cells  with 
yellow  haemosiderin  granules  (as  at  a),  from  a  case  of  per- 
nicious anaemia.  (Osmic  acid.)  h.  Cells  in  a  condition  of 
fatty  degeneration.    Magnified  250  diameters. 
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These  deposits  of  iron=containing  pigment  are  most  often  met  with 
in  the  liver,  where  they  occur  as  yellow  granules  or  masses  in  leuco- 
cytes and  endothelial  cells,  in  the  plasma  of  the  capillaries,  in  the  liver- 
cells   (Fig.   105,   a),   and  in  the  star-cells  of  Kupifer.     In  pernicious 
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Fig.  106.— Hsemochromatosis  of  the  liver,  from  a  man  who  died  of  morbus  maculosus  Werlhofli.  (Alco- 
hol ;  carmine.)  a.  Acini ;  b,  peritoneum ;  c,  c,  branches  of  the  portal  vein ;  d,  infiltrated  periportal  connective 
tissue ;  c,  pigment  deposited  inside  of  the  capillaries  of  the  hepatic  lobules ;  /,  venulas  centrales.  Magnified 
^0  diameters. 

malaria  and  pernicious  anaemia  the  majority  of  the  liver-cells  may  con- 
tain such  pigment,  as  the  result  of  which  the  whole  liver  may  have  a 
brownish  color. 

When  large  quantities  of  broken-down  corpuscles  or  of  hsemoglobin 
derivatives  are  brought  to  the  liver,  they  accumulate  more  especially  at 
the  perii:»hery  of  the  acini  (Fig.  106,  d,  e) ,  and  in  the  periportal  connec- 
tive tissue,  lying,  as  before  stated,  partly  free  in  the  capillaries,  or  in 
the  tissues  themselves,  and  partly  inside  of  leucocytes,  liver-cells,  con- 
nective-tissue cells,  and  the  endothelial  cells  of  the  capillaries.  The 
tissues  thus  infiltrated  present  a  reddish-brown  coloration  distinctly  vis- 
ible to  the  naked  eye. 

The  pigment  which  is  carried  to  the  spleen  is  found  for  the  most 
part  in  cells  lying  loosely  in  the  pulp,  at  times  also  in  the  fixed  cells  of 
the  tissues.  In  the  lymph-glands  the  iron  granules  lie  chiefly  in  cells 
within  the  lymph-channels.  In  the  hone-marroiv  retained  hsemosiderin 
is  found  imprisoned  partly  in  free  cells  lying  within  the  blood-vessels, 
partly  in  the  endothelial  cells  which  line  them,  and  partly  in  the  cells  of 
the  pulp.  The  number  of  such  iron-containing  cells  may  be  quite  large. 
Haemosiderin  is  found  in  cells  in  the  capillaries,  in  the  capillary  endo- 
thelium, and  in  the  pulp-cells. 

In  the  kidneys  the  haemosiderin  granules  are  most  abundant  in  the 
ex^ithelium  lining  the  convoluted  tubes  (Fig.  107,  a) ,  but  they  are  also 
met  with  in  the  lumina  of  the  tubules  (b) ,  in  the  capsular  epithelium  (e), 
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and  in  the  endothelium  of  the  capillaries.  When  scales  of  haemosiderin 
are  present  in  the  circulation  they  are  almost  certain  to  be  found  in  the 
capillaries  of  the  kidney.  When  haemoglobin  is  being  eliminated  by  the 
kidney  it  is  usualh^  to  be  found  in  the  lumina  of  some  of  the  tubules. 
When  pigmentation  of  the  kidney  is  extensive,  it  may  often  be  detected 
with  the  naked  eye. 

A  large  part  of  the  hsemosiderin  which  is  found  in  the  various  organs 
has  been  brought  to  them  in  the  forms  of  granules  or  small  flakes,  and 
is  then,  as  a  rule,  contained  in  leucocytes  in  the  capillaries.  But,  in 
addition  to  this,  solid  i^articles  of  pigment  would  also  appear  to  be 
formed  in  the  cells  themselves  from  material  brought  to  them  in  solution. 
This  view  is  sustained  by  the  fact  that,  in  applying  the  Prussian-blue 
reaction  for  the  detection  of  iron,  many  of  the  cells  which  contain  no 

definite     granules 
»  ^Jk^  *•»•'«  *-Äs*r-*A  ^*  »*>«;*';i'^C"^m ^ ; -  «■  *  •  *  'H-       nevertheless  stain  dif- 
d  i,^m^^''^^0^  r^W^  fusely    blue,   indicat- 

^^/j?'  '  '*?*^-   .Jl       i^8   ^^®  presence    of 

^%rV^%;vu^^  V  <•     -  .  ^'   ^^' "^  ■    *       iron  diffused  through 

(>-mv  ^>^^t^.     '  •-^v"r^^S...S^'^V«Ä  their         substance. 

The  iron-containing 
pigment  which  thus 
infiltrates  the  cells 
Avould  appear  to  be 
later  excreted  by 
them  in  the  form  of 
solid  masses  of  pig- 
ment, though  it  is,  of 
course,  possible  that 
some  of  this  diffuse 
coloration  may  have 

^■^^'0'^:i'J^:.^^M'^^  ■  .'S^:.     resulted  ^oni  the  so- 

^^J:^^:>??*,*i^*#--.-^*^,"^  ■^..^-^^^^■--■^-      luiion-    of    the     iron 

Fig.  107.— H£ematx)genous  deposit  of  iron  in  the "T^idney,  from  a  patient  Within    the    Cells.       It 

who  died  of  pernicious  malaria  (contracted  in  Bugamayo;.    (Alcohol;  io   qIco    «;np-crp«;fpfl    hv 

carmine.)    a.  Convoluted  uriniferous  tubules,  the  Iming  epithelial  cells  -^f»  ^^'^"-^    öiaggcoi-cvj.    cr^» 

of  which  contain  granules  of  iron  and  are  stained  a  pale-blue  color ;  h,  tho  observations   OI  a 

iron  granules  in  the  lumen  of  the  tubule;  c,  straight  uriniferous  tubules:  mTv,-,KöT    /^-P   --nT-öofirro 

d,  glomerulus ;    e,  capsule  epithelium,  also   containing   iron  granules.  numoei    OI   mvesilga- 

Magnifled  150  diameters.  torS       that       ColorleSS 

iron-containing  mate- 
rial— albuminates,  perhaps — may  at  times  be  present  in  cells  in  the 
body,  since  the  iron  reaction  develops  oftentimes  many  more  iron-con- 
taining granules  than  were  otherwise  visible  in  the  tissue. 

The  deposit  of  iron=free  pigments,  hcematoidin  or  hilirnhin,  is  usu- 
ally very  scanty  in  cases  of  hsematogenous  pigmentation.  Occasionally, 
however,  there  are  also  found,  in  the  organs  which  I  have  enumerated, 
yellow  bodies  which  do  not  give  the  reaction  for  iron,  and  which,  it  is 
reasonable  to  suppose,  have  not  contained  iron  at  any  time,  though  it 
should  be  remembered  that  after  a  time  haemosiderin  fails  to  respond  to 
this  reaction. 

The  organism  supplies  itself  with,  what  iron  it  may  need  by  the  assimilation  of 
the  iron  compounds  which  exist  in  the  iron-containing  articles  of  food.  The  iron 
contained  in  the  iron  preparations  commonly  prescribed  is  absorbed  into  the  system 
from  the  duodenum.  When  an  excess  of  iron  is  absorbed,  a  portion  of  it.  like  the 
hsemosiderin,  is  stored  in  the  spleen,  in  the  bone-mai'row,  in  the  lymph-glands,  and, 
for  a  brief  length  of  time,  also  in  the  liver,  while  the  rest  of  it  is  excreted  by  way  of  the 
kidneys,  the  liver,  and  the  large  intestine. 


JAUNDICE.  207 

In  malaria  two  pigments  result  from  tlie  destruction  of  the  red  corpuscles  by  the 
micro-organisms  of  that  disease.  The  one  is  formed  by  the  plasmodia  themselves.  It 
is  black,  gives  no  iron  reaction,  and  lies  in  the  bodies  of  the  plasmodia.  Nothing  is 
known  as  to  its  nature.  The  other  is  hsemosiderin,  which  passes  into  the  plasma  of  the 
blood  as  the  result  of  the  destruction  of  the  corpuscles,  and  is  later  deposited  in  the 
liver,  spleen,  and  marrow  of  the  bones.  When  excessive  destruction  of  the  blood  occurs, 
it  may  also  lead  to  a  condition  of  siderosis  of  the  kidneys  (Eig.  107)  and  to  elimination 
of  iron  in  the  urine. 

The  greenish  coloration  which  is  observed,  in  decomposing  cadavers,  in  the  neighbor- 
hood of  blood-vessels  filled  with  blood,  is  dependent  upon  the  formation  of  sulphide  of 
methgemoglobin  through  the  action  of  the  hydrogen  sulphide  upon  the  blood. 

§  76.  A  pathological  pigmentation  of  the  tissues  by  bile-pigment  is 
designated  Jaundice  or  icterus.  Icterus  is  a  symptom  which  is  fre- 
quently present  in  the  course  of  a  number  of  diseases  of  the  liver,  and  is 
a  frequent  occurrence  during  the  first  few  days  of  life  {icterus  neonxi- 
forum). 

During  life  the  pigmentation  known  as  jaundice  is  apparent  chiefl}^ 
in  the  skin,  conjunctivae,  and  urine,  but  after  death  it  may  be  detected 
also  in  the  internal  organs,  in  the  serous  membranes,  in  the  lungs,  in  the 
kidneys,  in  the  liver,  in  the  subcutaneous  and  intermuscular  connective 
tissue,  in  the  blood-plasma,  in  clots  in  the  vessels,  etc.  Fresh  icteric 
colorations  are  yellow,  but  after  a  time  the  skin  may  assume  an  olive- 
green  or  dirty  grayish-green  color;  and  similar  colorations  are  also  met 
with  in  the  internal  organs,  particularly  in  the  liver  and  occasionally  also 
in  the  kidneys. 

Jaundice  results  from  the  eutrmwe  of  bile  or  of  bile-pigment  (bilirubin) 
into  the  blood  and  liquids  of  the  body.  During  its  continuance  the  urine 
contains  bile-pigment  also.  These  biliary  pigments  have  their  origin  in 
the  liver,  and  jaundice  is  consequently  a  hepatogenous  disease.  It  com- 
monly depends  upon  some  diseased  condition  of  the  biliary  passages  or 
of  the  liver  itself,  as  the  result  of  which  the  outflow  of  bile  from  the  liver 
is  impeded.  The  bile  is  then  taken  up  by  the  lymphatics  and  blood- 
vessels of  the  liver.  Such  a  damming  up  of  the  bile  may  be  brought 
about  by  catarrh  of  the  bile-ducts ;  by  narrowing  or  obliteration  of  the 
bile-ducts  by  cicatrices,  by  gall-stones,  or  by  tumors  which  may  have 
originated  in  the  gall-ducts  themselves  or  in  the  tissue  in  their  neigh- 
borhood, and  which  compress  them;  by  inflammatory  conditions,  ab- 
scesses, connective-tissue  growths,  tumors ;  or,  finally,  by  congestion  of 
the  blood-vessels  of  the  liver  itself,  which  causes  pressure  upon  or  oblit- 
eration of  the  gall-ducts  within  the  liver,  and  so  prevents  the  outflow  of 
bile  through  the  gall-capillaries  and  smaller  gall-ducts. 

When  for  any  reason  the  bile  is  congested  in  the  small  gall-ducts  of 
the  liver,  the  first  thing  which  occurs,  in  all  probability,  is  an  absorp- 
tion of  a  certain  amount  of  the  bile  by  the  lymphatics  of  the  liver.  But 
as  the  process  continues  the  bile  accumulates  more  and  more  in  the 
intra-acinous  gall-capillaries  (Fig.  108,  a)  and  in  the  liver-cells  them- 
selves (c) ;  and,  as  a  result  of  this  state  of  affairs,  the  stagnating  mass  of 
bile-pigment  {g)  may  finally  force  its  way — through  a  small  rupture 
which  can  sometimes  be  demonstrated  under  the  microscope — into  the 
capillary  blood-vessels. 

According  to  the  more  recent  investigations  regarding  the  structure 
of  the  liver,  the  intracellular  bile-capillaries  extend  into  intracellular 
vacuoles  which  are  filled  with  secretion,  and  from  which  are  given  off 
(still  inside  the  cell)  extremely  delicate  canaliculi  (Nauwerck,  Stroebe, 
and  Browicz)  that  surround  the  nucleus  like  a  network  and  are  also  des- 
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tined  to  convey  secretion.  Then  at  other  points  the  liver-cells  also  stand 
in  the  closest  relationship  to  blood-capillaries.  Under  normal  condi- 
tions, therefore,  a  double  secretion  must  take  place  in  the  liver — an 
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Fig.  108.— Icterus  of  the  liver,  from  a  case  of  cancer  of  the  prall-bladder,  in  which  there  was  compression 
of  the  ductus  choledochus.  (Corrosive  sublimate ;  alum  carmine.)  «.  Moderately  dilated  intravenous  bile- 
ducts  filled  with  bile ;  h,  a  large  mass  of  bile  pigment  in  a  widely  dilated  intravenous  bile-duct;  c.  bile-pig- 
ment in  the  liver-cells;  (7,  rf,,  still  firmly  attached  endothelial  and  Kupffer's  cells,  stained  by  granules  of 
bile-pigment ;  e,  desquamated  endothelial  cells  stained  with  bile ;  /,  portions  of  pigment  surrounded  by  cells ; 
g,  escape  of  pigment  contained  in  the  bile-ducts  into  a  capillary.    Magnified  365  diameters. 

external  one,  of  biliary  acids  and  biliary  coloring  matter,  in  the  direc- 
tion of  the  gall-ducts ;  and  an  internal  one,  of  sugar  and  urea,  in  the 
direction  of  the  blood-vessels  (Minkowski).  Furthermore,  Nauwerck 
believes  that  this  latter  secretion  is  also  carried  on  through  a  network  of 
the  most  delicate  intracellular  canaliculi.  It  is  easy  to  understand, 
therefore,  that  disturbances  of  the  secretion  are  of  rather  frequent  occur- 
rence, and  that  an  escape  of  bile  into  the  blood  may  occur,  not  only 
through  a  stasis  in  the  flow  of  bile,  but  also  through  diseased  conditions 
of  the  liver-cells,  such  as  occur  in  the  course  of  certain  infections  and 
intoxications.  Accordingly,  it  is  permissible  to  distinguish  two  kinds  of 
jaundice  or  icterus :  an  icterus  due  to  a  stasis  in  the  flow  of  bile — or  a  stasis- 
parajjedesis  (Minkowski) ;  and  an  icterus  due  to  a  toxic  and  hifectious  para- 
pedesis  of  the  bile  (Pick's  paracholia) .  It  is  probable  that  the  interpre- 
tation here  given  applies  correctly  to  many  forms  of  icterus  which  were 
formerly  attributed  to  catarrh  of  the  gall-ducts. 

It  is  possible  that  disturbances  in  the  innervation  and  circulation  of 
the  liver  may  also  suffice  to  bring  about  an  escape  of  bile  into  the  intra- 
acinous  lymph-channels  or  into  the  blood;  a  condition  of  things  which 
would  justify  the  employment  of  the  term  nervous  paracholia. 

In  paracholia  of  long  standing  and  of  a  pronounced  character — such, 
for  example,  as  is  established  when  the  gall-ducts  are  closed  for  a  long 
period — not  only  do  the  liver-cells  become  stained,  but  also  Kupffer's 
cells  and  the  endothelial  cells  of  the  blood-vessels  (Fig.  108,  d,  d  J ;  and 
in  consequence  of  this  impregnation  the  latter  cells  often  become  detached 
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from  the  walls  of  the  vessel  and  lie  free  in  its  lumen.  At  a  later  stage 
other  degenerative  changes  often  develop  as  a  consequence  of  the  biliary 
stasis.  Such  are  the  following:  cell-necroses,  and  inflammation  and 
proliferation  of  the  connective  tissue. 

When  bile-pigment,  either  still  in  solution  or  in  the  form  of  granules 
or  small  masses,  finds  its  way  into  the  blood  in  the  manner  above 
described,  the  tissues  of  the  body,  being  bathed  constantly  by  bile-stained 
lymph,  gradually  absorb  some  of  the  coloring-matte?^  and  are  colored  by  it. 
Solid  particles  which  may  be  circulating  in  the  blood,  for  the  most  part 
in  cells,  slowly  accumulate  in  the  spleen  and  in  the  bone-marrow.  After 
a  time  the  bile-pigment  in  solution  in  the  various  liquids  of  the  body 
becomes  deposited  as  fine  granules,  or  more  rarely  as  rhombic  or  acicular 
crystals,  which  have  already  been  described  as  hsematoidin  (Fig.  102). 
This  crystalline  deposit  rarely  occurs  except  in  new-born  infants,  where 
the  crystals  form  in  fixed  and  wandering  connective-tissue  cells,  in  the 
liver-cells,  and  in  the  tubular  epithelium  of  the  kidneys.  In  intense 
icteric  conditions  very  many  of  the  cells  of  the  body  come  to  contain 
bile-pigment.  This  is  often  accumulated  in  large  amount  in  the  lymph- 
glands  (Fig.  109,  c),  to  which  it  is,  as  a  rule,  carried  by  cells,  and  whose 
lymph-channels  may  be  so  filled  with  the  yellow  granules  as  to  give  to 
the  whole  gland  a  yellowish-brown  color. 

In  the  kidneys,  which  are  active  in  eliminating  the  biliary  jjigment 
from  the  body  in  jaundice,  there  is  also  much  pigmentation,  particu- 
larly of  the  secreting  epithelium  of  the  tubules,  which  often  desquamates 


Fig.  109.— icterus  of  the  lymph-glands,  following  an  attack  of  jaundice  due  to  obstmcted  outflow  of  bile. 
(Corrosive  sublimate;  carmine.)  a,  Lymph-follicles  with  distended  blood-vessels;  b,  capsule;  c,  lymph- 
channels  with  cells  which  contain  yellowish-green  pigment  granules  (entirely  free  from  iron).  Magnified  45 
diameters. 


in  consequence  (Fig.  110,  d).  When  casts  of  the  urinary  tubules  are 
formed  as  the  result  of  the  degeneration  of  the  tubular  epithelium,  these 
casts  are  usually  colored  by  the  bile-pigmeat  (Fig.  110,  b,  c). 

Associated  with  the  deposits  of  bilirubin  in  jaundice,  there  is  always 
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more  or  less  deposit  of  hcemosiderin,  chiefly  noticeable  in  the  bone-mar- 
row, in  the  spleen,  and  in  the  lymph-glands,  occasionally  also  in  the 
liver,  so  that  the  pigmentation  of  the  tissues  depends  in  part  upon  the 
presence  of  an  iron-containing  pigment  in  this  condition  also. 

When  unusual  disintegration  of  red  hlood-corpusdes  occurs  within  the 
blood,  haematoidin  or  bilirubin  is  formed  in  association  with  haemosid- 
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Fig.  110.— Icterus  of  the  kidney,  following  an  attiiok  of  jaundice  due  to  obstructed  outflow  of  bile. 
(Corrosive  sublimate ;  carmine.)  a,  Tubular  (^pittieliuiii  containinti:  yellowish-green  granules ;  />,  large  yel- 
lowish-green urinary  cast ;  c,  cast  with  pigment-cells  entangled  in  its  substance  ;  t/,  desquamated  epithelium 
containing  bile-pigment  granules.    Magniüed  :i<  KJ  diameters. 


erin,  as  was  explained  in  §  75,  and  is  deposited  in  various  parts  of  the 
body.  Such  extrahepatic  bilirubin-formation  is,  however,  very  slight, 
and  is  never  sufficient  alone  to  cause  jaundice,  so  that  a  'purelij  hnna- 
togenous  icterus  does  not  occur.  The  liver  is  the  great  elaborator  of  bili- 
rubin, and  the  production  of  this  substance  is  at  times  increased  in  the 
liver  as  the  result  of  disintegration  of  red  corpuscles.  Jaundice,  then, 
ivliich  folloios  breaking  doiun  of  the  blood,  can  occur  only  luhen  associated 
ivith  changes  in  the  liver  ivhich  result  in  the  passage  of  bile  into  the  blood. 

The  question  as  to  whether  jaundice  may  be  of  hgematogenous  as  well  as  hepatoge- 
nous origin  has  been  under  discussion  and  is  still  unsettled,  notwithstanding  numerous 
experimental  investigations  directed  to  its  solution.  Since,  as  a  matter  of  fact,  bilirubin 
may  be  formed  in  the  tissues  as  the  result  of  extravasation  of  blood,  the  likelihood  of  the 
occurrence  of  haematogenous  icterus  would  a  priori  seem  quite  plausible.  Experiments 
made  with  arsenious  acid,  toluylendiamin,  and  potassium  chlorate,  to  determine  the 
result  of  the  disintegration  of  red  blood-corpuscles  in  the  blood,  have,  however,  shown 
that  the  derivative  of  the  blood  which  forms  and  is  deposited  in  the  various  tissues  is 
hsemosiderin,  and  that  the  formation  of  bilirubin  under  these  circumstances  is  confined 
to  the  liver,  which  for  the  time  being  excretes  an  increased  amount  of  intensely  pig- 
mented bile. 

According  to  Minkowski  and  Naunyn,  the  urine  of  geese  and  ducks  contains  no 
bile-pigment  after  extirpation  of  the  liver — a  fact  which  would  indicate  that  the  trans- 
formation of  blood-pigment  into  bile-pigment  is  ordinarily  limited  to  the  liver.  The 
inhalation  of  vapor  of  arsenic  for  a  very  few  minutes  is  sufficient  to  produce  in  geese 
intense  polycholia  and  hsematm'ia,  the  urine  containing  hgemoglobin  in  solution,  fi^ag- 
meüts  of  red  corpuscles,  and  biliverdin.  If,  now,  the  liver  of  such  a  goose  be  extir- 
pated, biliverdin  quickly  ceases  to  be  present  in  the  urine,  and  there  is,  at  the  same 
time,  no  biliverdin  in  the  blood.  It  is  thus  evident  that  in  arsenic-poisoning  the  forma- 
tion of  the  bile-pigment  which  appears  in  the  urine  must  occur  in  the  liver,  in  which 
broken-down  blood-corpuscles  are  found  in  large  numbers. 
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So  far  as  may  be  inferred  from  the  results  of  experiments  which  have  been  made  up 
to  the  present  time,  it  would  seem  that  a  purely  hsematogenous  jaundice  does  not  occur. 
The  mere  fact  of  the  occurrence  of  jaundice  in  intoxications,  after  ether  and  chloroform 
inhalations,  transfusion,  and  snake-bite,  and  in  septicaemia,  typhoid  fever,  yellow  fever, 
paroxysmal  hsemoglobinuria,  etc.,  is  in  no  wise  proof  that  the  jaundice  in  these  cases 
is  of  hsematogenous  origin.  There  is,  indeed,  in  these  conditions  an  increased  destruc- 
tion of  red  blood-corpuscles  ;  but  bilirubin  is  essentially  a  product  of  the  liver,  and  its 
presence  in  the  blood  may  readily  be  accounted  for  on  the  supposition  that  a  part  of  the 
bile  produced  in  excess  in  these  conditions  finds  its  way  into  the  blood.  In  fact,  Stadel- 
mann  has  show^i  that  change  in  the  density  of  the  bile  may  bring  about  its  absorption 
by  the  blood. 

g  77.   Pigmentation  of  the  tissues   by  foreign   substances  intro= 

duced  into  the  body  from  without  occurs  when  substances  possessed  of 
color  in  themselves,  and  incapable  of  resisting  the  action  of  the  body- 
fluids,  gain  access  in  any  manner  to  the  tissues  and  remain  there.  The 
substances  which  may  act  in  this  way  are  naturallj^  numerous,  as  are 
also  the  modes  of  their  entrance  into  the  body.  The  lungs  are  their 
most  frequent  channel  of  entrance,  but  they  may  also  be  taken  in  through 
the  intestine  or  from  wounds.  Tattooing  of  the  shin  affords  a  familiar 
example  of  the  introduction  of  pigment  through  wounds.  This  staining 
is  effected  by  rubbing  insoluble  granular  pigments,  such  as  lampblack 
or  cinnabar,  into  slight  wounds  of  the  skin.  The  pigments  penetrate 
into  the  wounds  and  infiltrate  the  tissue  in  their  immediate  neighbor- 
hood, part  of  the  pigment  remaining  permanently  in  the  corium  (Fig. 
Ill,  c),  while  some  of  it  is  carried  to  neighboring  lymph-glands,  which 
then  participate  in  the  pigmentation. 

The  lungs  and  their  lymph-glands  are  often  intensely  pigmented  as 
the  result  of  inhalation  of  particles  of  dust,  more  particularly  coal-dust, 
soot,  iron-dust,  etc.  They  may  become  actually  black  in  consequence 
of  inhalation  of  coal-dust.     A  part  of  the  dust  inhaled  is  carried  to  the 


Fig.  111.— The  deposit  of  cinnabar  in  a  tattooed  skin.    (Alcohol ;  alum  carmine.)    a,  Epithelium ;  b,  corium : 
c,  cinnabar.    Magnified  80  diameters. 


bronchial  lymph-glands,  which  often  become  quite  black,  and  may 
undergo  more  or  less  softening  when  the  pigmentation  is  excessive. 
When  these  glands  are  situated  near  blood-vessels,  the  latter  may  be 
secondarily  involved  in  the  pigmentation,  and  sometimes  also  in  the 
softening,  and  in  this  way  particles  of  the  pigment  may  gain  access  to 
the  circulation  and  may  be  carried  to  remote  organs,  such  as  the  liver, 
spleen,  and  bone-marrow,  where  they  may  be  deposited  (cf.  §  18). 
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Among  the  pigmentations  which  may  result  from  absorption  through 
the  intestine  we  may  mention  the  condition  known  as  argyria,  which  is 

dependent  upon  the  long-continued 
use  of  preparations  of  silver.  The 
skin  under  these  circumstances  may 
assume  an  intense  grayish-brown 
coloration,  and  in  a  similar  wa}'  the 
internal  organs  may  undergo  pig- 
mentation to  a  greater  or  less  degree. 
The  silver  is  deposited  in  the  form 
of  fine  grains  in  the  stroma  of  the 
tissues,  more  especially  in  the  glo- 
meruli and  in  the  connective  tissue 
of  the  medullary  portion  of  the  kid- 
neys (Fig.  112,  b),  in  the  intima  of 
the  larger  vessels,  in  the  adventitia 
of  the  smaller  arteries,  in  the  neigh- 
borhood of  mucous  glands,  in  the 
papillse  of  the  skin,  in  the  connec- 
tive tissue  of  the  intestinal  villi,  and 
in  the  choroid  plexus  of  the  lateral 
ventricles.  Deposits  may  also  occur 
in  the  serous  membranes,  but  epi- 
thelial tissues,  the  brain,  and  the 
cerebral  vessels  escape.  Extensive 
deposits  in  the  medullary  portion  of 
the  kidney  may  lead  to  growth  of 
dense  connective  tissue,  which  then 
not  infrequently  undergoes  calcifica- 
tion. 

Iron  particles  taken  into  the  body 

in   large   amount   may   also   lead    to 

I)igmentation    of    the    bone-marrow, 

spleen,  and  lymph-glands,  though  rarely  to  such  an  extent  as  to  be 

visible  to  the  unaided  eve. 
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Fig.  112.— Dep<«its  of  silver  In  the  pyramidal 
portion  of  a  rabbit's  kidney,  after  the  animal  had 
regularly  received  tlxed  doses  of  a  silver-prepa- 
ration for  a  period  of  seven  months  Cexperiment 
of  von  Kahldeu).  (Alcohol ;  hieinatoxylin.)  a, 
Epithelimn  of  the  collecting-tubes :  b,  conneo 
tive  tissue  filled  with  brown  granules  of  silver. 
Magnified  5(X)  diametei-s. 


XV.  The  Pathological  Absence  of  Pigment. 


§  78.  The  absence  of  pigment  occurs,  in  the  first  place,  as  a  congeni- 
tal, inherited  affection,  and  is  then  termed  albinism  or  leukopathia 
congenita.  -  In  some  of  the  cases  the  absence  of  pigment  extends  over 
the  entire  body  (iiniversal  alhinism ;  Kakerlalien  ;  albinos),  while  in  others 
it  is  confined  to  a  few  portions  of  the  skin  {'partial  albinism).  Li  those 
parts  of  the  skin  where  the  pigment  is  absent  the  hairs  will  also  be  found 
to  lack  pigment;  they  are  white,  or  yellowish-white  {poliosis  sen  leuJco- 
trichia  congenita  universalis  et  circwnscriptd) .  In  universal  albinism  the 
pigment  is  absent  even  from  the  retina,  the  choroid,  and  the  iris ;  and 
consequently  the  choroid,  from  the  amount  of  blood  which  it  contains, 
appears  red,  while  the  iris,  according  to  the  angle  at  which  it  is  viewed 
and  also  according  to  the  character  of  the  illumination,  may  appear 
either  bluish-white  or  red.  Under  the  microscope  the  only  thing  that 
can  be  discovered  is  the  absence  of  pigmented  cells. 

A  second  form  of  absence  of  pigment  is  that  which  is  known  as 
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vitiligo  or  leukopathia  acquisita.  This  affection,  which  develops  onlj^ 
in  the  later  years  of  life,  occurs  partly  as  a  concomitant  of  certain  well- 
known  diseases  (scarlet  fever,  typhoid  fever,  and  relapsing  fever) ,  partly 
as  a  symptom  of  an  epidemic  disease  (vitiligo  endemica)  the  etiology 
of  which  is  unknown,  and  partly  without  any  recognizable  cause.  The 
formation  of  white  patches  within  the  area  of  which  the  hairs  also  lose 
their  color  (leukotrichia  acquisita  circumscripta) ,  takes  place  as  a  rule  in 
a  symmetrical  manner,  and  it  may  spread  throughout  the  greater  part 
of  the  body  (Fig.  113).  The  white  patches  are  surrounded  by  a  border 
of  skin  somewhat  more  darkly  pigmented  than  usual ;  and  this  condition 
suggests  the  idea  that  when  the  pigment  disappears  from  one  part  it 
merely  undergoes  a  displacement  to  an  adjacent  part.  The  loss  of  color 
in  the  hairs  always  begins — as  it  does  in  the  process  of  growing-gray  in 
the  later  years  of  life — in  the  root ;  and  the  reason  for  this  loss  is  to  be 
found  in  the  fact  that  the  hair  papilla  no  longer  furnishes  any  pigment 
to  the  bulb  of  the  hair.  Eventually, 
even  the  i)igment  cells  of  the  hair  pa- 
pilla disappear  altogether. 

A  third  form  of  loss  of  pigment  is 
observed  in  connection  with  traumatic 
or  infectious  inflammations  of  the  skin, 
and  especially  with  syphilitic  exanthe- 
mata and  with  lepra.  The  term  leu= 
koderma  may  be  employed  to  cover  all 
the  cases  which  belong  in  this  category. 

In  cicatrices  of  the  skin  which  re- 
main white,  the  tissue  that  replaces  that 
which  has  been  destroyed  does  not  re- 
ceive the  power  of  again  producing  pig- 
ment, and  consequently  it  presents 
itself  in  the  simple  form  of  a  colorless 
cicatrix  covered  with  epithelium.  A 
scar  of  this  kind  is  often  bordered  by 
pigmented  tissue.  In  the  milder  forms 
of  inflammation,  in  which  (as  in  syphi- 
lis) the  tissue  of  the  skin  is  not  de- 
stroyed, the  process  of  decoloration 
sets  in  either  immediately  after  the 
subsidence  of  the  inflammation  or  else 
at  some  later  date, — sometimes  only 
after  the  skin  has  passed  through  a 
stage  in  which  there  is  an  actual  in- 
crease in  the  pigmentation.  Accord- 
ing to  Ehrmann,  the  cause  of  this  lack 
of  pigment  is  to  be  sought  for  either  in 
the  fact  that,  at  the  boundary  where  it 
is  separated  from  the  epithelium,  the 
corium  possesses  no  pigment-cells  which 
are  capable  of  furnishing  pigment  to 
the  epithelial  cells,  or  else  in  the  fact  that  the  epithelial  cells,  in  their 
altered  condition,  are  not  able  to  appropriate  the  pigment.  The  pig- 
ment which  still  remains  in  the  cutis  may  be  absorbed. 

According  to  Munch  vitiligo  is  quite  common  throughout  Turkestan,  and  is  con- 
sidered by  tlie  natives  (Sarts)  to  be  contagious.     In  consequence  of  this  belief  they  are 


Fig.  113.— Vitiligo  endemica  (from  a  photo- 
graph sent  to  uie  by  Professor  Munch). 
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in  the  habit  of  isolating  those  who  have  the  disease  and  of  confining  them  in  enclosed 

courts  along  with  persons  suffering  from  leprosj'.  It  is  probable  that  in  medical  litera- 
ture endemic  vitiligo  and  lepra  maculosa  have  been  mistaken,  the  one  for  the  other,  by 
many  writers,  and  that  the  lirst  of  these  two  has  been  described  under  the  designation 
"white  leprosy  of  the  Jews." 


XVI.  Cyst=formation. 


§  79.  A  cyst  is  a  circumscribed  cavity  wliicli  is  shut  off  from  the  sur- 
rounding tissues  by  a  connective-tissue  membrane  or  by  tissue  of  com- 
plex structure,  and  which  i)ossesses  contents  the  nature  of  which  is  dif- 
ferent from  that  of  this  capsule.  When  a  cyst  comprises  only  a  single 
such  cavity  it  is  called  a  simple  cyst :  when  it  is  divided  into  a  number  of 
compartments  it  is  said  to  be  multilocular. 

The  most  frequent  form  of  cyst  is  the  so-called  retention  cyst,  iddch 

results  from  the  accumulation  of  secretion 
in  preexisting  spaces  that  are  lined  icith 
epitJielium  or  icith  endotlielium. 

These  cysts  form  in  glands  provided 
with  an  open  duct,  when  obliteration  of 
this  outlet  occurs  in  an}'  part  of  its 
course,  provided  that  actively  secreting 
parenchyma  still  exists  beyond  the 
point  of  obliteration.  They  are  accord- 
ingly met  Avitli  in  the  sebaceous  glands 
of  the  skin,  in  the  hair-follicles,  in  the 
uterine  glands,  in  the  mucous  glands  of 
the  alimentary  tract,  in  the  ejndidymis 
(Fig.  114,  c),  in  the  urinary  tubules 
(Fig.  74),  and  less  frequently  in  the 
gall-ducts  and  their  glands,  in  the 
breast,  in  the  pancreas  (Fig.  115,  h),  in 
the  glands  of  the  mouth,  Qic.  Larger 
canals  may  also  become  cystic — as,  for 
example,  the  ureters,  the  vermiform  ap- 
pendix, and  the  Fallopian  tubes   (Fig. 

ne,  c). 

The  obstruction  of  the  duct  neces- 
sar}"  to  cause  a  retention  cyst  may  be  brought  about  by  accumulation  of 
the  secretion  of  the  gland,  or  by  cicatricial  or  neoplastic  compression 
and  consequent  obliteration. 

Closed  glandular  cavities  and  tubes  such  as  the  follicles  of  the  thy- 
roid gland  and  of  the  ovary,  or  the  glandular  tubes  of  the  parovarium, 
undergo  cystic  degeneration  when  their  walls  pour  out  an  inordinate 
amount  of  secretion.  Similarly,  remains  of  foetal  canals  or  clefts — for 
example,  those  of  the  branchial  clefts,  of  the  urachus,  or  of  Midler's 
ducts — may  become  cystic. 

Small  cysts,  such  as  are  met  with  in  mucous  glands,  vary  in  size  up 
to  that  of  a  pea.  Larger  cysts,  like  those  occurring  in  the  liver  and  in 
the  ovary,  may  attain  the  size  of  the  fist  or  be  even  larger. 

The  contents  of  cysts  depend  upon  the  nature  of  the  tissue  in  which 
they  are  formed.  Thus  cysts  of  the  hair-follicles  and  of  the  sebaceous 
glands  (atheromcda)  contain  a  semi-solid  material,  whitish,  grayish,  or 
brownish  in  color,  composed  chiefly  of  squamous  epithelial  cells,  f at- 


ria. 11-4.— Section  of  the  testicle  and  epi- 
didymis, showing  multiple  cysts  In  the  head 
of  the  epididymis,  o.  Testicle;  h.  epididy- 
mis :  c,  cyst  broken  up  into  compartments. 
(Nearly  natural  size. ) 
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globules,  and  Cholesterin ;  cysts  formed  in  mucous  glands  contain  clear, 
or,    when  cellular  elements  are  also  present,   milky,   mucous   liquid. 


Fig. 


115.— Cyst  of  the  pancreas,  caused  by  dilatation  of  a  brancli  of  TTirsunpr's  duct. 
cyst ;  c.  transverse  section  of  an  artery ;  d.  longitudinal  section  of  a  vein. 


a.  Glandular  tissue ; 
CXatural  size.) 


When  hemorrhages  take  place  into  cystic  cavities  the  blood  imparts  its 
color  to  the  cyst-contents,  making  them  red  or  brownish.  Cystic  Graafian 
follicles  usually  contain  clear,  more  or  less  colored  liquid;  cysts  of  the 
thyroid  gland  and  of  the  kidney  contain  colloid  material,  or  clear,  though 
occasionally  cloudy,  liquid. 

Retention  cysts  lined  with  endothelium  may  arise  from  blood-ves- 
sels, lymx^hatics,  lymph-spaces,  synovial  membranes,  or  tendon-sheaths. 
Here  also  the  nature  of  the  cyst-contents  depends  upon  its  place  of  origin. 
Xot  infrequently  the  condition  resulting  in  cyst-formation  is  caused  by 
the  shutting  off  of  a  portion  of  one  of  the  cavities  already  named  by  a 
constriction. 

As  enlargement  of  a  retention  cyst  goes  on  it  is  quite  necessary  that 
the  tissue  composing  its  wall  should  also  develop,  for  otherwise  defects 


riG.  116.— Dropsy  of  tue  Pallopian  tube.  Tvltb  perisalpingitic  and  perlovarian  adhesions,  a.  Uterus ;  h, 
uterine  portion  of  the  tube ;  c.  abdominal  end  of  the  tube,  in  a  condition  of  cystic  degeneration  and  adhering- 
to  the  neighboring  parts ;  d.  ovary :  c.  membranous  adhesion.    iTrvo-thirds  natural  size.) 


in  its  wall  would  result.     Cyst=formation  is,  therefore,  not  an  exclu- 
sively degenerative  process.     The  epithelial  or  endothelial  cells  lining 
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the  cyst-wall  are  the  first  to  show  this  develoi^ment,  but  the  connective 
tissue  upon  which  these  cells  rest  participates  in  it  also,  as  a  rule,  and 
may  even,  despite  the  stretching,  become  increased  in  thickness.  It 
should  further  be  stated  that  cyst-formation  is  very  frequently  associated 
with  the  pathological  development  of  new  glandular  tissue,  and 
constitutes,  therefore,  a  secondary  alteration  in  hypertrophic  or  tumor- 
like growths.  Consequently  it  is  sometimes  impossible  to  distinguish 
between  simple  retention  cysts  of  preexistent  gland-ducts  and  gland- 
Tesicles,  on  the  one  hand,  and  those  tumors,  on  the  other,  which  are 
characterized  by  the  presence  of  cyst-formations  (the  cystomata). 
Similarly,  cysts  lined  ivitli  endothelium  may  originate  from  newly  developed 
lymph  spaces -and  ducts. 

A  second  variety  of  cyst  comprises  the  cysts  which  result  from  de= 
generation,  softening,  and  liquefaction  of  a  portion  of  tissue.  Cvsts 
are  formed  in  this  manner  in  the  brain,  in  enlarged  thyroid  glands, 
and  even  in  tumors.  They  are  usually  filled  with  either  a  clear  or  a 
more  or  less  cloudy  liquid. 

A  third  kind  of  cj'st  results  from  the  formation  of  a  dense  capsule  of 
connective  tissue  about  any  foreign  substance  which  may  have  found 
entrance  into  the  body — as,  for  example,  around  a  parasite. 

A  fourth  variety  of  cyst  is  formed  by  parasites  which  pass  through  a 
oystic  stage  in  the  course  of  their  development  in  the  body. 


CHAPTER  V. 

Hypertrophy  and    Regeneration   of  the    Tissues  and 

Organs. 


I.  General  Considerations  Concerning  the  Processes  called  Hyper- 
trophy, Regeneration,  and  Heteroplasia,  and  the  Cellular 
Changes  that  Accompany  Them.     Transplantation  of  Tissues. 

§  80.  By  hypertrophy  is  meant  an  increase  in  the  substance  of  a 
tissue  or  organ,  brought  about  by  an  increase  in,  or  multiplication  of 
its  elements  in  such  a  way  that  the  structure  of  the  hypertrophied  tissue 
is  similar  to,  or  at  least  does 
not  materially  differ  from,  that 
of  the  normal. 

By  regeneration  is  meant 
the  process  by  which  a  loss  of 
substance  in  a  tissue  is  restored 
by  a  new  tissue  that  is  exactly 
like  that  which  was  lost,  or  at 
least  that  contains  the  same  ele- 
ments which  it  had. 

Hypertrophy  may  result 
from  ■  a  morbid  impulse  exist- 
ing in  the  germ-plasm  itself,  or 
from  an  impulse  originating 
during  the  life  of  the  individual. 
Regeneration,  on  the  contrary, 
is  always  secondary  to  a  tissue- 
lesion,  which,  however,  may 
occur  during  either  intra-uterine 
or  extra-uterine  life.  And  yet 
the  degree  of  the  completeness 
of  the  restoration  depends  here 
also  upon  the  individual  powers 
possessed  by  the  different  tis- 
sues. 

If  an  abnormal  tissue-in- 
crease takes    place   during    the 

period  of  embryonic  development  or  of  extra-uterine  growth,  and  if 
there  are  no  influences  discoverable  which  would  seem  to  account  for  the 
tissue-growth,  then  we  are  disposed  to  regard  it  as  the  result  of  em= 
bryonic  impulses,  and  so  we  call  it  hypertrophy  of  congenital  origin. 
If  the  enlargement  affects  the  entire  body— for  example,  if  a  newly  born 
child  weighs  5  or  6  kgm.,  or  if  an  individual  reaches  the  height  of  180 
or  200  cm.— this  is  called  general  giant  growth.  If  the  growth  affects 
only  certain  parts  of  the  body— for  example,  the  entire  head  or  one- 


FiG.  117.— Elopbantiasis  femorum  neuromatosa. 
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half  of  it,  or  one  extremity,  as  a  finger,  or  the  labia  majora  or  minora — 

it   is   called    a    partial     giant   growth. 

Hypertrophic  growths  of  the  skin 
that  lead  to  changes  suggesting  the  skin- 
formation  of  the  pachydermata  are  called 
elephantiasis  (Figs.  117  and  118). 

In  hypertroph}'  of  a  limb  or  of  a  fin- 
ger all  the  elements  of  the  part  are  uni- 
formly enlarged.  In  elephantiasis  of  the 
extremities  the  connective  tissue  of  the 
skin  and  of  the  subcutaneous  structures 
especially  is  ai:)t  to  increase,  though  the 
development  and  structure  of  these 
growths  show  considerable  variations  in 
that  the  pathological  new  formation  some- 
times affects  all  the  connective-tissue 
elements  uniformly,  sometimes  single 
elements  only — as,  for  example,  the  con- 
nective tissue  of  the  nerves  or  the  blood- 
or  lymph- vessels— or  at  least  takes  its 
start  from  these.  For  this  reason  it  has 
been  customary  to  distinguish  difi'erent 
varieties  of  elephantiasis,  named,  accord- 
ing to  the  structure  of  the  hypertrophic 
tissue,  elephantiasis  neuromatosa  (Fig. 
117),  angiomatosa,  lymphangiectatica 
(Fig.  118),  lipomatosa,  fibrosa,  etc. 

If,  as  a  result  of  some  peculiarity  in 
the    condition   of    the   skin,   an    hyper- 
trophy of  the  horny  layer  of  the  epider- 
mis takes  place  (Fig.  119,  c),  and  as  a  result  of  this  process  the  skin 
becomes  covered  with  hornlike  plates  and  scales,  or  even  with  spur-like 


Fig.  118.— Elephantiasis  cruris  lymphangi- 
ectatica. 
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Fig.  119.— Ichthyosis  congenita.  Section  through  the  skin  of  the  trunk  of  the  body.  (Alkaline  picro- 
carmine  preparation.)  a,  Corium,  "wath  glands;  />.  papillary  body,  with  rete  :\Ialpighii;  c,  hypertrophied 
homy  layer  of  the  epidermis ;  d,  dilated  hair  follicles,  lined  with  homy  epithelium ;  c,  hairs,  yiagnifled  iO 
diameters. 
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formations,  the  condition  thus  presented  will  be  that  to  which  the  name 
ichthyosis  is  commonly  given. 

This  peculiar  alteration  of  the  skin  is  even  met  with  at  birth  {icli- 
thyosis  congenita),  and  the  newly 
born  child  (Fig.  120)  may  be 
completely  covered  with  hard, 
horny  plates,  which  have  split 
open  at  different  points  through 
the  upward  growth  of  the  sub- 
jacent tissues.  This  pathological 
horny  alteration  first  affects  only 
the  superficial  parts  of  the  skin 
(Fig.  119,  c),  but  it  may  also 
extend  into  the  hair  follicles 
(Fig.  119,  d). 

In  other  cases,  at  a  later 
period — for  instance,  during  the 
first  year  of  life — circumscribed 
areas  of  thickening  of  the  epi- 
dermis develop,  which  form  firm 
scales  and  plates,  sometimes 
smaller,  sometimes  larger,  giving 
the  skin  a  rough  or  checkered 
appearance.  The  corium  and  the 
papillary  layer  generally  are  not 
involved  in  the  ichthyosis. 
Nevertheless  there  are  cases  in 
which,  in  the  areas  of  ichthyosis, 
the  papillary  layer  is  hypertro- 
phied,  and  in  these  cases  the 
roughness  of  the  surface  is  inten- 
sified [ichthyosis  hystrix).  If  the 
change  is  confined  to  small,  lim- 
ited spots,  then  circumscribed 
warts  with  rough  epithelial  cover- 
ing are  formed,  and  these  may  be  called  ichthyotic  ivarts.  In  rare  cases 
there  are  developed  still  more  extensive  layers  of  epithelium  over  the 
hypertrophied  papillge,  whose  scales  are  arranged  perpendicularly  to 
the  layers  of  the  skin ;  and  these  sometimes  reach  such  dimensions  that 

thev  are  called  epidermal 
horns  (Figs.  121  and  122.) 
By  the    hypertrophic 
development  of  hair  in  sit- 
uations where  only  woolly 
hair,  or  even   no  perma- 
nent   hair  at  all,  should 
occur,    there    is  brought 
about  an  abnormal  hairi- 
ness   over    a     larger    or 
smaller  area  of  the  body, 
which  is  known  as  hyper= 
trichosis,  and  this  is  explained  either  as  a  persistence  or  abnormal  devel- 
opment of  the  primary  or  dov/n-like  hairs  (Fig.  123.  Hypertrichosis  lanu- 
ginosa foetalis),  or  as  a  pathological  development  of  the  secondary  hairs. 


Fig.  120.— Ichthyosis  congenita. 


Fig.  121.— Comu  cutaneum, 
removed  from  back  of  hand. 
(Natural  size. ) 
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Fig.  123.— Comu  cutaneum, 
removed  from  arm.    (Natural 

size.) 
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Excessive  growth  of  the  nails  leads  to  their  pathological  overgrowth, 
to  liyioeronychia,  which  is  often  followed  by  onychogryphosis,  or  claw-like 
deformities  of  the  nails.  It  must,  however,  be  noted  that  pathological 
increase  of  the  nails  is  generally  an  acquired  disease. 

The  bony  structures  of  the  body  undergo  different  forms  of  hyper- 
trophy. In  the  first  place,  they  are  apt  to  become  enlarged  during  the 
progress  of  the  disease  known  as  giant  growth — either  general  or  partial. 
Then,  in  the  next  place,  they  may  become  the  seat  of  a  form  of  hyper- 
trophy which  corresponds  to  inherited  elephantiasis  of  the  skin;  the 
disease  showing  itself  most  often  in  some  part  of  the  head,  and  occa- 
sionally producing  an  extraordinary  increase  in  the  size  of  the  bones 
(Fig.  124) .  The  disfiguration  which  is  thus  produced,  and  which  gives 
to  the  patient's  head  a  certain  re- 
semblance to  that  of  a  lion,  has  for 
this  reason  led  to  the  adoption  of 
the  name  leontiasis  ossea  for  this 
condition.  Then,  in  addition  to 
the  above,   circumscribed    tumors  | 

1% 


i'lG.  138.— Head  of  a  hairy  individual,  a  woman. 
(From  Hebra.) 


Fig.  124.— Leontiasis  ossea,  occurring  in  a  boy  the 
subject  of  general  giant  growth.  (Observed  by 
von  Buhl.) 


of  bone,  commonly  termed  exostoses,  often  develop  upon  the  skull,  as 
they  may  in  other  parts  of  the  skeleton,  as  hereditary  pathological 
growths,  quite  independent  of  any  outside  influences. 

Hypertrophic  processes,  which  owe  their  origin  to  an  excessive 
impulse  of  growth,  and  not  to  any  outside  influences,  rarely  occur  in  in= 
ternal  organs  ;  and  yet  the  brain  may  attain  an  abnormal  size  through 
mere  hypertrophy. 

It  cannot  be  stated  definitely  to  what  extent  the  different  forms  of 
hypertrophy  of  the  tissues,  like  those  described  above,  are  to  be  attrib- 
uted to  congenital  predisposition;  for  all  sorts  of  externa""  influences  are 
competent  to  bring  into  existence  similar  products  of  tiss  ae-proliferation, 
and  even  internal  causes  may  produce  them.  Thus,  for  example,  the 
horny  growths  of  the  skin  and  the  thickenings  which  characterize  ele- 
phantiasis of  the  skin  may  develop  as  a  result  of  simple  inflammation. 

As  a  general  rule,  the  early  appearance  of  hypertrophic  growth,  as 
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well  as  the  hereditary  nature  of  the  pathological  peculiarity  and  the 
absence  of  any  external  cause  for  the  trouble,  favors  the  idea  of  a  con- 
genital predisposition.  And  yet  the  fact  that  there  were  later  influences 
which  evidently  gave  rise  to  the  growth  does  not  preclude  the  existence 
of  a  congenital  predisposition.  Thus,  for  example,  the  bony  growths 
of  the  head  referred  to  above  may  in  one  sense  be  attributed  to  some 
external  injury  or  to  an  acute  inflammation.  These  latter  were  doubt- 
less the  exciting  causes,  but  they  alone  could  not  have  called  these 
growths  into  existence ;  for  we  know  by  experience  that  causes  like  these 
can  give  rise  to  such  pathological  products  only  when  the  tissues  already 
possess  a  special  predisposition. 

The  size  of  the  entire  body  as  well  as  of  its  separate  parts  and  organs  is  subject  to 
considerable  variations  within  the  normal  physiological  limits,  according  to  race, 
family,  and  individual  idiosyncrasy.  The  variation  in  the  relation  of  the  size  of  the 
separate  parts  and  organs  to  that  of  the  entire  body  is  less  great. 

The  average  height  of  well-built  individuals  is,  according  to  Vierordt,^  as  follows: 
men  172  cm.,  women  160  cm.  ;  of  the  newly  born,  males  47.4,  females  46.75  cm.  The 
average  body-weight  in  Europe  is  for  men  65  kgm.,  for  women  55  kgm.,  for  the  newly 
born  3,250  gm. 

The  average  weight  of  organs  is  as  follows,  the  figures  in  parentheses  being  for  the 
newly  born:  brain,  1,397(385)  gm.;  heart,  304  (24);  lungs,  1,172  (58);  liver,  1,612 
(118)  ;  spleen,  201  (11.1) ;  right  kidney,  131 ;  left  kidney,  150  ;  both  kidneys,  299  (23.6) ; 
testicles,  48  (0.8)  ;  muscles,  29,880  (625)  ;  skeleton,  11,560  (445)  gm.  Expressed  in 
percentages  of  the  body-weight  we  have  the  following  figures,  those  in  parentheses 
being  for  the  newly  born:  heart,  0.52(0.89);  kidneys,  0.48  (0.88);  lungs,  2.01  (2.16); 
stomach  and  intestinal  canal,  2.34  (2.53)  ;  spleen,  0.346  (0.41)  ;  liver,  2.77  (4.39)  ;  brain, 
2.37  (14.34);  suprarenal  bodies,  0.014  (0.31);  thymus,  0.0086  (0.54);  skeleton,  15.35 
(16.7) ;  muscles,  43.09  (23.4). 

§  81.  The  hypertrophies  of  the  tissues  w^hich  ow^e  their  origin 
wholly  to  outside  influences,  without  the  co=operation  of  the  force 
which  predisposition  furnishes,  are  the  following :  hypertrophy  due  to 
an  increase  in  the  activity  of  a  tissue,  hypertrophy  dependent  upon 
diminished  use,  hypertrophy  due  to  defective  retrograde  changes,  and 
finally  hypertrophy  due  to  prolonged  or  frequently  repeated  mechanical, 
chemical,  and  infectious  irritations  of  the  tissues.  Under  certain  cir- 
cumstances the  simple  removal  of  a  pressure  which  weighs  heavily  upon 
a  limited  area  of  the  tissues  is  sufiicient  to  effect  a  localized  hypertrophy. 

Hypertrophy  from  overwork  is  oftenest  met  with  in  muscles  and  in 
glands,  but  may  occur  in  other  structures.  If  the  heart  is  called  upon 
to  do  an  extra  amount  of  work,  by  reason  of  special  valvular,  or  aortic, 
or  even  renal  conditions,  and  if  these  conditions  exist  for  a  considerable 
length  of  time,  then  that  part  of  the  heart-muscle  upon  which  this  extra 
work  falls  suffers  a  more  or  less  marked  hypertrophy  (Fig.  125),  and  in 
this  way  the  total  bulk  of  the  organ  may  reach  double  the  normal,  or 
even  more. 

Similarly,  striated  muscle,  also  the  muscular  layers  of  the  bladder, 
the  ureters,  the  uterus,  the  intestine,  and  the  blood-vessels,  may  become 
hypert^*o.r)hied  from  a  persistent  increase  in  their  activity. 

Of  the  'glands,  it  is  the  kidneys  and  the  liver  especially  that  are  capa- 
ble of  changing  their  size  to  suit  functional  needs,  and  correspondingly 
it  is  these  glands  that  are  most  liable  to  undergo  hypertroph}^  If  one 
kidney  becomes  destroyed,  the  other  is  capable  of  undergoing  such  an 
enlargement  that  it  may  reach  approximately  the  same  weight  that  the 

^  Vierordt :  "  Anatomische,  physiologische  und  physikalische  Daten  und  Tabellen 
zum  Gebrauche  für  Mediciner,"  Jena,  1893. 
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two  kidneys  together  originally  had.  In  the  same  way,  the  liver,  after 
destruction  of  part  of  its  parenchyma  by  disease,  is  callable  of  compen- 
sating for  its  loss  by  a  hypertrophy  of  the  remainder.  This  advanta- 
geous increase  is  called  compensatory  hypertrophy,  because  by  it  the 
normal  function  of  the  organ  is  restored.  One  may  apply  the  same  term 
also  to  muscle-hypertrophy,  if  by  means  of  it  lost  function  is  restored. 
In  the  case  of  some  other  glands,  as  the  salivary  glands,  ovaries,  testi- 
cles, and  mammae,  compensatory  h}- per  trophy  either  does  not  occur  at 
all  or  takes  place  only  during  the  period  of  development.  For  example, 
the  loss  of  one  ovary  or  testicle  in  adult  life  can  hardly  result  in  an  in- 
creased activity  or  hyj^ertroph}'  of  the  remaining  one.  In  the  case  of 
the  thyroid  gland,  extirpation  of  the  larger  part  of  it  is  generally  not 
followed  by  any  material  hypertroj^hy  of  the  piece  remaining.  On  the 
other  hand,  the  hypophysis  suffers  an  enlargement  which  must  be  re- 


fiG.  125.— Transverse  section  of  a  heart,  \^•ith  hj-pertrophy  of  the  left  ventricle,  in  insufficiency  and  stenosis  of 
the  aortic  valves,    o.  Left  ventricle ;  it,  right  ventricle.    (Natural  size.) 


garded  as  compensatory.  In  the  case  of  the  lungs,  an  increase  in  the 
activity  of  one  portion,  after  loss  or  destruction  of  other  parts,  is  gener- 
ally followed  only  by  a  permanent  distention,  which,  indeed,  may  even 
go  on  to  atroph 3\  On  the  contrary,  if  during  embryo  life  a  faulty  de- 
velopment of  one  lung  takes  place,  the  other  may  become  the  seat  of  a 
compensatory  growth;  and  in  the  case  of  total  failure  of  one  lung  to 
develop,  this  enlargement  of  the  other  may  reach  a  very  marked  extent. 
Other  tissues  also  behave  in  a  similar  way  (the  testicles,  for  example, 
according  to  Kibbert),  and  it  may  be  stated  as  a  general  rule  that  com- 
pensatory development  of  a  tissue  is  more  nearly  complete  the  younger 
the  individual  is.  In  the  same  way,  compensatory  development  of  the 
kidneys  is  more  marked  in  young  than  in  old  persons.  In  the  case  of 
the  brain,  a  compensatory  growth  of  one  part,  after  loss  of  another,  is 
possible  only  during  the  earlier  stages  of  the  developmental  period. 
In  tissues  that  are  in  constant  use  a  lessening  wear  mav  lead  to 
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Fig.  126.— Hypertrophy  of  incisor 
tooth  of  a  white  rat,  occurring  by  rea- 
son of  oblique  position  of  the  jaw. 
(Natural  size.) 


hypertrophy.  For  instance,  a  diminished  desquamation  of  the  epi- 
dermal layer  of  the  skin  leads  to  a  pathological  thickening  of  it.  If  the 
incisor  teeth  of  rodents  are  no  longer  nor- 
mally worn  down,  by  reason  of  the  destruc- 
tion of  an  opposing  tooth  or  the  oblique  po- 
sition of  the  teeth,  they  may  grow  to  be  very 
long  and  curved  (Fig.  126).  In  the  same 
way,  finger-  or  toe-nails  may  reach  an  ab- 
normal size,  by  reason  either  of  absence 
of  wear  or  of  their  being  left  uncut.  Organs 
which,  after  the  lapse  of  a  certain  fixed 
period  of  physiological  growth,  usually  un- 
dergo a  diminution  in  size,  may  become  hypertrophied  from  a  failure 
to  undergo  retrograde  changes.  For  example,  the  uterus,  after  preg- 
nancy, may  remain  abnormally  large,  from  involution  failing  to  take 
place.  The  thymus  gland,  which,  after  the  tenth  year  of  life,  should  begin 
to  wither  away  and  disappear,  may  persist  for  a  considerable  length  of 
time  beyond  this  period.  The  removal  of  a  pressure  which  weighs 
heavily  upon  a  tissue  may— especially  in  the  case  of  bone-tissue — lead 

to  a  certain  degree  of  hypertrophy  of  the 
tissue,  but  as  a  rule  the  increase  is  apt  to  be 
insignificant. 

Frequently  repeated  or  long-protracted 
mechanical,  thermal,  chemical,  or  infectious 
irritation  occasions  proliferative  processes 
leading  to  tissue-hypertrophy,  which,  from 
their  origin  and  course,  may  be  ascribed  to 
the  category  of  chronic  inflammations,  so 
that  we  may  regard  these  new  tissue-forma- 
tions as  an  inflammatory  tissue  hyper= 
trophy. 

If  the  skin  is  subjected  to  frequent  me- 
chanical irritation  and  pressure,  as  the  toes, 
for  instance,  are  irritated  by  an  ill-fitting 
boot,  thickenings  of  the  horny  layer  of  the 
epidermis  will  follow,  known  under  the  name 
callus  or  corn  (clavus).  Prolonged  irritation 
of  the  skin,  in  the  neighborhood  of  the  geni- 
tal apertures,  by  gonorrhoeal  secretion,  may 
cause  a  ver}^  considerable  elongation  and 
branching  of  the  skin-papillas  with  an  atten- 
dant thickening  of  the  epithelium,  leading  to 
those  wartlike,  cauliflower-growths  known  as 
condylomata  acuminata  or  venereal  icarts. 
Chronic  inflammations  of  the  corium,  caused 
by  infection,  not  infrequently  give  rise  to 
enormous  fibrous  tissue-hypertrophies  known 
as  elephantiasis  (Fig.  127),  and  such  elephan- 
tiasic  tissue-hypertrophies  may  attain  extra- 
ordinarily large  proportions.  In  a  similar 
manner  very  extensive  hypertrophies,  char- 
acterized by  increase  of  the  substance  of  the  bone,  may  occur  in  the 
bony  system  as  the  result  of  chronic  infections  (e.g.,  syphilis). 

In  most  cases  of  such  tissue-hypertrophies  as  appear  to  be  acquired 


Fig.  127.— Elephantiasis  scroti  in 
a  native  of  Samoa  nineteen  years 
old.  (After  Uthemann,  Deutsche 
med.  Wochenschr.,  1895.) 
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during  life  through  the  operation  of  external  agencies,  the  efficient  cause 
may  be  recognized  with  more  or  less  certainty,  but  there  are  also  many 
cases  in  which  this  is,  at  the  present  time,  either  quite  impossible,  or  pos- 
sible only  to  a  very  limited  extent. 
So,  for  instance,  we  have  enlarge- 
ments of  the  spleen,  and  of  the 
lymph-adenoid  tissue  of  the  lymph- 
glands,  and  of  the  lymph-nodes 
of  the  mucous  membranes,  which 
are  of  the  character  of  hypertro- 
phies, whose  causes  we  are  never- 
theless unable  to  recognize.  Very 
uncertain,  too,  is  our  knowledge 
concerning  the  etiology  of  those 
enlargements  of  the  distal  portions 
of  the  extremities  (Fig.  128)  re- 
sembling partial  giant-growth, 
described  as  acromegaly  (Marie), 
pachyakria  (v.  Eecklinghausen), 
and  osteoarthropatlde  hypertro- 
phiante  (Marie),  which  are  con- 
nected, in  a  certain  proportion  of 
cases,  with  enlargement  of  the 
facial  portion  Oi  the  skull  and 
with  deformities  of  the  spinal  col- 
umn. These  enlargements  arise 
generally  in  youth  or  middle  age, 
less  frequently  in  later  life,  and 
XJroceed  to  a  gradual  further  de- 
velopment. 

So  far  as  anatomical  investi- 
gation (by  Arnold,  Marie,  Marinesco,  Thomson,  and  Holsti)  has  been 
able  to  make  out,  the  change  consists  in  an  increase  in  all  the  tissues 
that  go  to  make  up  the  extremities  and  the  face.  In  this  increase  the 
bones  also  take  part,  in  that  they  grow  thicker  (Fig.  129)  and  at  the  same 
time  may  be  the  seat  of  rounded  or  pointed  exostoses.  On  the  other 
hand,  up  to  the  present,  an  increase  in  the  length  of  the  bones  has  not 
been  demonstrated  in  this  disease  (von  Eecklinghausen,  Arnold),  and 
so  the  term  pachyakria,  of  von  Eecklinghausen,  is  fittingly  chosen. 

The  cause  and  nature  of  these  morbid  phenomena  are  still  obscure, 
and  the  terms  mentioned  above  are  not  used  by  all  authors  with  the 
same  significance.  In  Germany  the  term  acromegaly  is  applied  to  all 
forms  of  enlargements  of  the  ends  of  the  limbs  w^hich  lead  to  a  paw-like 
appearance  of  the  hands  and  a  gigantesque  appearance  of  the  feet,  while 
Marie,  who  first  described  these  pathological  manifestations,  tries  to 
draw  a  marked  distinction  between  acromegaly  and  Osteoarthropathie 
hypertrophiante.  He  holds  that  in  acromegalj^  the  hands  and  feet  are 
not  deformed,  but  symmetrically  enlarged,  and,  indeed,  that  the  thick- 
ening and  broadening  diminish  at  the  ends,  so  that  the  terminal  phal- 
anges are  only  slightly  thickened.  On  the  other  hand,  he  holds  that  in 
Osteoarthropathie  hypertrophiante  the  terminal  phalanges  are  swollen 
so  as  to  resemble  drumsticks,  and  the  articular  ends  of  the  bones  are 
irregularly  thickened.  In  the  former  case,  moreover,  the  lower  jaw  is 
lengthened,  while  in  the  latter  case  it  is  thickened.     Marie  believes  that 


Fig.  138. -Acromegaly,  according  to  Erb  and 
Arnold.  (Osteoarthropathie,  according  to  Marie  and 
Souza-Lelte.) 
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in  many  cases  Osteoarthropathie  hypertrophiante  is  a  sequela  of  an  in- 
flammatory affection  of  the  lungs  and  pleurae.  Accordingly  he  calls  it 
Osteoarthropathie  hypertrophiante  pneumique,  and  he  believes  that  the 
cause  is  to  be  found  in  a  taking  up  of  the  toxic  products  of  the  body- 
fluids  from  the  foci  of  inflammation  in  the  lungs,  so  that  the  disease  of 
the  bones  may  be  regarded  as  an  infectious,  toxic,  hypertrophic  inflam- 
mation. 

Some  other  authors  regard  acromegaly  and  Osteoarthropathie  hyper- 
trophiante as  the  result  of  a  congenital  predisposition  (Virchow) ; 
others,  as  the  result  of  disturbances  of  the  sexual  organs  (Freund) ; 
others,  again,  as  due  to  hypertroph}^  of  the  hypophysis  (Henrot, 
Klebs),  or  to  a  persistence  of  the  thymus  gland  (Erb,  Klebs) ;  and, 
finally,  still  others  believe  them  to  be  due  to  nervous  influences  (von 
Recklinghausen).  Nevertheless,  none  of  these  hypotheses  is  supported 
by  anatomical  and  clinical  observations.  Finally,  as  a  result  of  the  in- 
vestigations that  have  been  made,  it  seems  fair  to  assume  that  in  the 
disease  under  consideration  we  have  to  do,  not  with  excessive  growth 
that  can  be  compared  with  the  partial  giant  growths,  but  with  acquired 
morbid  conditions^  which  develop  either  as  independent  diseases  (acro- 
megaly, pachyakria)  or  as  secondary  phenomena  in  the  course  of  other 
diseases  (Osteoarthropathie  hypertrophiante  pneumique) . 

§  82.  When  a  new-formation  of  tissue  occurs  in  any  organ,  leading 
to  regeneration,  that  is,  to  the  restoration  of  lost  tissue,  or  to  hyper= 
trophy,  that  is,  to  the  formation  of  an  excess  of  tissue,  it  very  frequently 
comes  about  that  the  new-formed  tissue  conforms  only  partially  to  the 
type  of  the  old;  in  short,  that  regeneration  is  but  incomplete,  and  that 


Fig.  129.— Skeleton  of  the  hand  with  hypertrophied  bones,  from  the  case  of  acromegaly  pictured  In  Fig.  138. 

(After  Arnold.) 


the  hypertrophy  is  but  partial,  and  is  limited  to  a  portion  of  the  con- 
stituents of  the  organ. 

In  the  restoration  of  lost  tissues  by  regeneration  very  often  only  the 
connective  tissue,  and  eventually  the  limiting  epithelium  and  the  nerves, 
are  reproduced;   whereas  other  elements  of  the  injured  tissues,  gland- 
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acini,  gland-ducts,  ganglion-cells,  muscle-fibres,  etc.,  either  are  not  re- 
formed at  all,  or  are  but  very  imperfectly  reproduced.  A  less  valuable 
tissue,  then,  takes  the  place  of  the  old,  this  formation  consisting  princi- 
pally of  connective  tissue ;  if  the  loss  occurs  on  a  free  surface  of  the  body, 
the  defect  is  closed  over  with  epithelium  and  is  ordinarily  known  as  a  scar. 

This  phenomenon  depends  upon  the  circumstance  that  the  several 
tissue-elements  have  not  an  equal  capacity  of  reproduction,  so  that, 
under  a  given  set  of  conditions  not  all  the  parts  are  able  to  reproduce 
their  kind,  but  rather  it  is  often  only  the  connective  tissue  and  the  lim- 
iting epithelium  which  produce  new  tissue,  while  the  other  organic  ele- 
ments either  produce  no  new  tissue  at  all,  or  produce  it  in  very  limited 
and  functionally  unimportant  quantity. 

Similar  conditions  are  also  met  with  in  the  new-formation  of  tissue 
leading  to  the  hypertrophy  of  an  organ,  inasmuch  as  we  often  have  to 
do  in  this  case  with  a  connective=tissue  hypertrophy  in  which  the  spe- 
cific tissue-elements,  especially  the  glands,  do  not  participate,  or  may 
even  become  atrophied.  This  condition  holds  particularly  in  those 
tissue-proliferations  which  are  the  result  of  the  prolonged  influence  of 
mechanical  and  infectious  agencies  and  are  ordinarily  described  and 
treated  of  as  chronic  inflammations. 

It  occurs,  finally,  with  great  frequency,  that  proliferations  which 
lead  to  the  enlargement  of  an  organ,  or  produce  more  or  less  circum- 
scribed new-formations  within  an  organ,  are  made  up  of  a  tissue  which 
does  not  normally  appear  in  that  place;  so  that,  as  opposed  to  a  hyper- 
trophy which  may  be  regarded  as  a  homoplastic  formation,  we  have  to 
consider  also  a  heteroplastic  new=formation  of  tissue.  In  a  certain 
sense,  indeed,  even  scar-tissue  and  the  fibrous  product  of  acute  and 
chronic  inflammations  ma,j  be  spoken  of  as  heteroplastic  tissues,  inas- 
much as  thej^  do  not  wholly  correspond  in  structure  to  the  tissue  from 
which  they  have  sprung,  whose  place  they  occupy,  or  whose  increase 
in  volume  they  cause;  nevertheless,  the  departures  from  the  normal 
structure  of  the  local  connective  tissue  are  not  so  considerable  as  to  en- 
tirely justify  the  term.  The  heteroplastic  new-formations  proper  are 
rather  those  which  we  designate  as  ''  groivths,''  or  tumors  in  the  stricter 
sense. 

§  83.  Changes  in  the  cells  themselves  are  always  the  initial  phe- 
nomenon of  hypertrophy  and  regeneration,  changes  which  lead  first  to 
enlargement  of  the  cells  and  then  to  multiplication  of  them.  In  the 
further  development  of  the  new  growth  the  basement  substance  formed 
by  the  cells  may  be  increased. 

In  hypertrophy  the  increase  may  be  due  entirely  to  enlargement  of 
the  cells,  or  there  may  be  at  the  same  time  a  multiplication  of  them ; 
and  accordingly  a  distinction  is  made  between  simple  liypertroi^hy,  or 
hypertrophy  in  the  narrower  sense,  and  a  numerical  hypertrophy,  or 
hyperplasia.  For  instance,  a  muscular  organ,  such  as  the  uterus  or 
heart,  may  materiall}^  increase  in  size  simply  from  enlargement  of  its 
muscle-cells.  Moreover,  in  glandular  hypertrophy  an  increase  in  size 
may  occur  in  the  same  way  from  enlargement  of  the  cells ;  though  in 
these  cases,  if  the  hypertrophy  is  of  considerable  extent,  there  always 
occurs  in  addition  a  new  cell-formation,  so  that  the  process  has  to  be 
called  a  hyperplasia  in  the  histological  sense. 

Under  special  circumstances  regeneration  also  maj'  consist  of  simple 
enlargement  of  preexisting  cells,  or  of  restitution  of  parts  of  cells  that  have 
been  lost  (regeneration  of  axis-cylinder  processes  of  ganglion-cells).     In 
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the  case  of  a  loss  of  considerable  portions  of  a  tissue  there  always  occurs 
SkmidtipUcationof  the  cells  by  division,  in  addition  to  enlargement  of  them. 

Cen=division  leading  to  a  formation  of  new  tissue  is  always  charac- 
terized by  peculiar  preliminary  changes  in  the  nuclei  and p)rotoplas7a  :  that 
is,  peculiar  changes  take  place  in  the  nuclei  which  enable  us  to  predict 
the  coming  division  of  nucleus  and  cell,  even  in  its  preliminary  stages. 

A  nucleus  at  rest  consists  of  an  outer  shell,  or  membrane,  and  the 
nuclear  contents.  These  latter  seem  to  consist  of  two  parts :  the  nuclear 
substance,  and  the  colorless  nuclear  fluid.  To  the  nuclear  substance 
belong,  in  the  first  place,  the  nuclear  corjmscles ;  in  the  second  place, 
scsLÜered  granules  and  threads,  which  often  form  a.  lattice-icorh  which,  m 
clearly  visible  after  proper  treatment,  and  may  be  stained  by  the  agents 
which  color  nuclei. 

The  nuclear  lattice=work  is  that  part  of  the  nucleus  which  undergoes 
a  series  of  typical  changes  of  form  in  the  subdivision  of  the  nucleus 
— changes  which  result  in  the  separation  of  the  nucleus  into  two  masses 
of  equal  size. 

The  process  of  nuclear  division  is  often  called  karyokinesis  (xaouoy^ 


Fig.  130. 


Fig.  131. 


Fig.  132. 


Fig.  130.— Nucleus  magnified  ;  increase  in  the  chromatin. 

Fig.  131.— Thick,  open  skein,  -n-ith  segmentation  of  the  threads  into  chromosomes ;  nucleus  and  nu- 
clear membrane  have  disappeared. 

Fig.  132.— Grouping  of  the  completed  chromosomes  in  the  form  of  a  star  or  wreath. 


kernel  of  a  nut;  /.t^rjm^^  movement),  referring  to  these  changes  of  form. 
Flemming,  having  in  mind  the  skein-like  structure  of  the  nucleus  when 
in  process  of  division,  has  given  to  it  the  name  mitosis  or  karyomitosis 
{.'j-iro?^  thread).  Arnold  terms  the  process  indirect  segmentation.  The 
solid  substance  of  the  nucleus,  which  is  colored  by  nuclear-staining 
dyes,  is  called  nuclein  or  chromatin  (Flemming). 

When  a  nucleus  is  to  undergo  division,  there  is  ordinarily  found,  at 
first,  an  increase  of  the  chromatin,  and  the  lattice-icorh  of  the  chromatin 
becomes  more  distinct  (Fig.  130).  The  nuclear  substance  then  forms 
a  close  skein,  which  coincidently  with  the  disappearance  of  the  nucleo- 
lus and  of  the  nuclear  membrane,  subsequent!}^  changes  (Fig.  131)  to 
an  open  skein  loith  thick  threads,  whose  several  components  divide  them- 
selves (Fig.  131  and  Fig.  132)  into  nuclear  segments  (Hertwig),  or  chro- 
mosomes (Waldeyer). 

In  that  these  last  group  themselves  in  the  equatorial  portion  of  the 
nucleus,  with  their  angles  directed  toward  the  centre,  they  come  to  form, 
when  viewed  from  the  polar  aspect,  a  wreath-like  figure  (Fig.  132),  and 
later  a  star-like  figure,  lying  in  the  equatorial  plane,  known  as  the 
mother-star  (Fig.  133  and  Fig.  134),  or  also  (Flemming)  as  the  equa- 
torial plate. 
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Sometimes  earlier,  sometimes  later,  hco  poles  become  visible  in  the 
interior  of  the  cell — that  is,  two  extremely  small  si)heres  known  as  polar 


FIG.  las. 


Fig.  va. 


Fig.  1:35. 


^^^'^^^^ 


Fig.  1;3<J. 


Fig.  137. 


Fig.  13Ö. 


Fig.  1;>j.— Completely  developed  mother-stai- ;  iwlar  view. 

Fig.  134.— Mother-star;  equatorial  view. 

Fig.  ia5.— Stage  of  metakinesis ;  single  ltK)ps  visible,  whose  angles  are  pointed  to  the  pole :  delicate 
apindle-flguie  in  interior  of  nucleus. 

Fig.  i;3t).— Daughter-star;  side  view  (nucleus  barrel-shaped) ;  spindle-Qgure  iu  nucleus,  and  radial  ar- 
rangement of  protoplasm. 

Fig.  137.  —Daughter-star  separated ;  above,  polar  view ;  below,  side  view. 

Fig.  138.— Daughter-skein  with  one  threads  (alK)ve),  and  lattice-work  form  of  the  daughter-nucleus  (be- 
low) ;  division  of  cell-protoplasm  completed. 


coipusdes  or  central  corpuscles,  or  centrosomes.  They  lie  at  first  close 
together,  then  later  on  separate  from  each  other  and  act  as  centres, 
about  which  the  nuclear  elements  group  themselves.  Between  them  is 
developed  the  nuclear  spindle  (Figs.  135  and  136),  which  consists  of  fine 
fibres  which  do  not  stain  with  nuclear  dyes  and  which  converge  at  the 
polar  corpuscles.  In  the  neighborhood  of  the  polar  corpuscles  them- 
selves the  granules  of  protoplasm  show  a  radial  arrangement,  so  that 
figures  are  produced  (Fig.  136)  which  are  called  rays  or  stars  or  attrac- 
iwn-splieres.  In  the  next  following  stage  of  division  of  the  nucleus, 
called  metakinesis,  a  movement  takes  place  among  the  chromosomes 
leading  to  the  formation  of  Y-shaped  figures  with  their  angles  pointed 
toward  the  pole.  Next,  two  star-shaped  figures  called  daughter-stars  are 
formed  by  the  movement  of  the  Y's  toward  the  poles  following  the  ar- 
rangement of  the  spindle-fibres  (Figs.  136  and  137).  From  the  star-like 
figure  of  the  daughter-nucleus  there  is  developed,  later  on,  a  skein,  first 
with  coarse  filaments,  then  with  fine  (Fig.  138,  upper  part) ,  which  then 
changes  to  a  lattice-work  figure  (Fig.  138,  lower  part).  In  the  last  stages 
of  the  phenomena  of  subdivision  a  new  nuclear  membrane  is  formed. 
The  division  of  the  cen=protoplasm  ordinarily  takes  place  at  the 
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time  of  the  return  of  tlie  star-form  of  the  daughter  nucleus  to  the  ordi- 
nary condition  of  the  nuclear  structures,  and  it  consists  in  a  sundering 
of  the  same  by  progressive  constriction  (Fig.  138) .  We  must  look  upon 
the  radiating  figures  (Fig.  136)  about  the  centrosomes,  as  evidences  of 
movements  within  the  protoplasm.  There  is  probablj^  a  complicated 
interrelationship  between  the  nucleus  and  the  cell-protoplasm,  but  the 
nucleus  is  to  be  regarded  as  iJie  more  highly  organized  substance,  as  the 
centre  of  cellular  j^otentialities.  Moreover,  the  nuclei  are  the  bearers  of  the 
hereditarily  transmissible  properties  of  the  cells,  while  the  protoplasm  regu- 
lates their  relation  with  their  environment. 

According  to  Eabl,  whose  studies  were  directed  to  the  large-nucleated  cells  of  cold- 
blooded animals,  the  closely  wound  mother-skein  consists  of  several  pieces,  all  of  which 
turn  at  one  end  of  the  nucleus, — the  end  that  is  called  the  polar  field, — leaving  the  pole 
itself  free  (Fig.  139,  a).  On  the  other  hand,  at  the  opposite  end  they  pass  across  the 
pole  (6).  The  transition  from  the  closer  to  the  more  open  skein  (Fig.  140)  is  brought 
about  by  the  threads  becoming  thicker  and  shorter.  At  the  same  time,  some  of  them 
■divide,  so  that  the  number  of  loops  becomes  greater. 

The  stage  of  the  segmented  skein  (Fig.  1-41)  which  follows  next,  is  characterized,  as 
Flemming  has  already  stated,  chiefly  by  longitudinal  fission  of  some  of  the  loops,  so  that 
the  chromatic  material  is  divided  into  two  equal  portions.  The  further  course  of  karyo- 
kinesis  is  an  effort  toward  the  uniting  of  each  of  these  halves  of  the  chromatin  threads 
into  a  new  group. 

During  the  stage  of  the  coarse  open  skein  a  spindle-shaped  figure  has  already  come 
into  view  (Fig.  140,  c),  composed  of  delicate  threads  and  terminating  in  small  shining 
granules,  the  centrosomes.  Later  on,  this  spindle  pushes  deeper  into  the  nuclear  sub- 
stance (Fig.  141)  and  exerts  an  influence  upon  the  threads  of  chromatin.  In  the  plane 
of  its  equator,  later  on,  the  division  of  the  nucleus  takes  place. 

To  initiate  the  process  of  division  the  loops  of  threads  group  themselves  about  the 
equator  of  the  spindle  in  such  a  way  that  the  angle  points  toward  the  centre,  the  arms 


Fig.  139. 


Fig.  140. 


Fig.  141. 


Fig.  142. 


I4r 


FIG.  143. 


FIG.  144. 


Fig.  115. 


Fig.  139.— Close  skein,  viewed  from  the  side.  Fig.  110. -Open  skein,  viewed  from  the  side. 

Fig.  141.— Final  stage  of  the  skein,  with  split  threads.        Fig.  142.— Mother-star. 
Fig.  143.— Metakinesis.  Fig.  144.— Daughter-stars. 

Fig.  145.— Daughter-skein,  o,  and  daughter  lattice-work,  h ;  c,  polar  area,  with  the  remains  of  the  spin- 
dle;  d,  polar  area. 
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toward  the  periphery  (Fig.  142) ;  the  mother-star  is  then  completed.  At  the  same  time 
the  nuclear  membrane  disappears,  while  radially  an-anged  fibrils  (Figs.  142.  143,  and 
144)  extend  out  from  the  poles  of  the  spindle  into  the  cell-protoplasm  {cytaster ;  attrac- 
tion-spheres). 

The  jnetakinesis  is  characterized  by  a  separation  of  the  daughter-threads,  which 
have  resulted  from  the  preliminary  longitudinal  division,  and  which  up  to  this  time 
had  remained  parallel  with  one  another  ;  and  it  is  completed  .sometimes  by  a  movement 
of  part  of  the  threads  toward  the  opposite  pole  of  the  spindle  (Fig.  143).  The  new  loops 
resulting  in  this  way  have  their  angles  toward  the  pole. 

The  daughter-stars  (Fig.  144)  are  formed  by  the  chromatic  loops  that  have  moved 
toward  the  pole  of  the  spindle. 

The  daughter-skeins  {Dispirem  of  Flemming),  which  proceed  from  the  daughter- 
stars,  consist  of  loops  of  fibrils  which  bend  around  at  the  point  where  the  poles  of  the 
spindle  are  situated  (Fig.  145,  a)  and  leave  a  polar  field  (c,  d)  free  from  loops. 

The  transition  from  the  skein  to  the  lattice-work  stage  of  the  resting  nucleus  (Fig. 

145,  b)  follows  upon  the  division  of  the  cell-protoplasm,  and  is  initiated  by  the  chromatic 
fibrils  sending  out  processes.  Flemming,  Strasburger,  Heuser,  and  Retzius  believe  that 
the  chromatic  fibrils  are  directly  united  one  with  another. 

The  significance  of  the  nuclear  granules  is  still  a  matter  of  dispute.  Flemming  and 
Pfitzner  believe  that  they  are  different  from  the  nuclear  lattice-work,  while  others  regard 
them  as  much-thickened  nodal  points  of  the  lattice-work  fibrils.  AVhat  becomes  of  them 
after  division  of  the  nucleus  is  not  known. 

The  elements  of  the  nuclear  lattice-work  form  at  the  periphery  a  denser,  basket-like 
layer,  next  to  which  on  the  outer  side  lies  a  membrane  which  does  not  stain. 

Flemming  and  Hertwig  believe  that  the  spindle-figure,  whose  fibres  are  only  imper- 
fectly stained  by  nucleus-staining  dyes,  originates  from  the  above-mentioned  achromatic 
material  of  the  nuclear  lattice-work,  while  Strasburger  thinks  that  it  comes  from  the 
cell-protoplasm. 

The  centrosomes  or  polar  corpuscles,  which  always  exist  in  nuclear  segmentation, 
are  present  also  in  cells  that  are  at  rest.  Nevertheless,  up  to  the  present  time,  they  have 
been  demonstrated  only  in  a  part  of  the  cells,  in  largest  numbers  in  lymph-corpuscles 
and  in  giant  cells  of  the  spinal  cord.  According  to  the  investigations  of  von  Kölliker, 
Flemming,  M.  Heidenhain,  and  others,  it  seems  likely  that  the  centrosomes  belong  to 
all  cells,  and  lie  sometimes  in  the  protoplasm,  sometimes  in  the  interior  of  the  nucleus, 
where  they  are  difficult  to  demonstrate.  This  is  because  they  do  not  stain  with  the 
ordinary  nuclear  dyes,  but  with  acid  aniline  colors  such  as  acid  fuchsin  and  safranin. 
Whether  they  belong  to  the  nucleus  or  to  the  protoplasm  has  not  yet  been  made  out. 
According  to  van  Beneden,  Beveri,  and  Rabl,  the  mitosis  of  the  nuclear  substances  is  to 
be  explained  on  the  ground  of  a  direct  drawing  apart,  starting  from  the  divided  cen- 
trosomes, and  brought  about  by  the  agency  of  the  achromatic  fibres.  According  to 
Heidenliain,  the  central  corpuscles  are  sharply  circumscribed  granules  which  possess  the 
power  of  assimilation,  of  gi'owth,  and  of  multiplication  by  budding,  by  which  means 
they  are  in  the  habit  of  forming  groups.  They  may  form  the  central  point  of  insertion 
of  a  system  of  contractile  fibrils  (spindle-figure,  microsome  rays),  whether  alone  or 
united  into  groups,  and  they  consist  of  a  specific  substance,  in  a  chemical  sense,  which  is 
not  present  in  other  parts  of  the  cell. 

Flemming  describes  the  cell  as  a  circumscribed  mass  of  living  matter,  and  in  the 
cell-body  he  distinguishes  two  different  elements,  of  which  one,  the  protoplasm  {filar 
mass,  mitome,  lattice-work)  is  somewhat  more  highly  refractile  and  is  arranged  in  the 
form  of  threads,  while  the  other,  the  paraplasm  {interfilar  mass,  par amitome),  occupies 
the  remaining  space.  The  more  exact  structure  of  the  filar  mass  cannot  be  made  out. 
The  products  of  metabolism,  granules,  vacuoles,  and  other  inclusions  which  the  cells  at 
times  contain,  do  not  belong  to  the  cell-substance  proper. 

§  84.  In  the  multiplication  of  tissue-cells,  processes  varying  from 
typical  karyomitosis  are  met  with,  both  in  normal  and  in  pathological 
tissues,  and  they  often  give  rise  to  nuclear  forms  of  very  peculiar  appear- 
ance. 

In  the  first  place  karyomitosis  may  itself  show  variations,  in  the 
sense  that  instead  of  normal  bipolar  division,  a  pluripolai'  division  takes 
place,  so  that  there  are  formed  from  two  to  six  or  more  nuclear  spin- 
dles and  a  correspondingly  increased  number  of  equatorial  plates  (Fig. 

146,  a) ;  or  further,  in  the  place  of  a  simple  mother-star,  a  figure  of" 
complicated  structure  is  formed  out  of  chromatin  loops,  and  from  this 
several  daughter-stars  are  presently  evolved.     Not  infrequently  do  we 
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Fig.  146.— o,  Pluripolar  nuclear-dl  vision 
figure ;  i),  c,  asymmetrical  nuclear-division 
figures. 


observe  also  an  asymmetrical  division  of  the  nucleus  (Fig.  146,  6,  c),  es- 
pecially in  tumors,  but  occasionally  also  in  the  new-formation  of  tissue 
accompanying  regenerative  or  inflamma- 
tory processes. 

A  further  variation  consists  in  sim- 
ple division  by  progressive  constriction, 
without  any  increase  of  the  chromatin  or 
characteristic  grouping  and  change  in  its 
disposition  by  thread-formation,  a  meth- 
od of  division  which  has  been  called 
holoschisis  (Flemming)  or  direct  segmen- 
tation (Arnold). 

Then  we  meet,  and  that  too  not  infre- 
quently, with  instances  of  nucleus-divi- 
sion characterized  by  abnormal  size  of  the 
nucleus,  by  its  abnormal  richness  in  chro- 
matin, and  by  manifold  valuations  in  its 
shape.  Types  of  nuclei  dividing  in  this  manner  are  those  that  are  large, 
oval,  or  bean-shaped  (Fig.  147),  or  knobbed  in  appearance,  those  lying 
in  convoluted,  ribbon-like  masses,  or  lobulated  and  branching  (Fig. 
148),  or  wreath-shaped,  or  basket-shaped  (Fig.  149),  or  of  still  other 
forms.  Finally,  there  are  occasionally  found  in  the  cells  more  or  less 
extensive,  indistinctly  delimited  accumulations  of  granular,  flaky  chro- 
matin (Fig.  150). 

Such  nuclear  forms,  aside  from  the  polynuclear  leucocytes,  are  met 
with  especially  in  the  cells  of  the  bone-marrow,  of  the  spleen,  and  of  the 
lymph-glands,  as  also  in  tumors  arising  from  the  bone-marrow  or  from 
the  periosteum ;  but  they  have  also  been  observed  in  other  situations, 
particularly  in  sarcomata.  In  certain  of  these  forms  we  have  evidently 
to  do  only  with  evidences  of  contraction  having  no  relation  to  cell- 
division.  In  other  cases  these  changes  of  size  and  arrangement  are  the 
precursors  of  a  division  of  the  nucleus  by  the  progressive  constriction  of 
certain  portions,  the  division  taking  place  now  with,  or  again  without, 
an  increase  of  the  chromatin.     The  first  of  these  methods  of  division 


Fig.  147. 


FIG.  149. 


FIG.  148. 

Fig.  147.— Cell  with  oval,  slightly  knobbed  giant-nucleus,  rich  in  chromatin. 

Fig.  148.— Cell  with  lobulated  giant-nucleus.  Fig.  149.— Cell  with  basket-shaped  giant  nucleus.  . 

Fig.  150.— Cell  with  large  masses  of  chromatin.    All  cells  from  an  osteosarcoma.    (Stroebe,  "  Beiträge  von 
Zlegler,"  VII.) 

(i.e.,  division  of  the  nucleus  with  an  increase  of  the  chromatin)  Arnold 
has  denominated  indirect  fragmentation ;  the  second  (i.e..  that  without 
increase  of  chromatin)  he  calls  direct  fragmentation.  Indirect  fragmen- 
tation is  distinguished  from  mitosis,  or  indirect  segmentation,  by  the 
lack  of  an  orderly  arrangement  of  the  chromatin  in  threads  and  by  the 
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irregularity  with  which  the  severance  of  the  chromatin  particles  results 
in  new  nuclei. 

The  import  of  all  these  methods  of  division,  which  are  also  included 
under  the  term  amitotic  nuclear  division,  cannot  at  the  present  time  be 
accurately  determined  in  all  cases.  It  is  established  that  leucocytes 
whose  nuclei  are  in  the  act  of  fragmentation  are  approaching  their  de- 
cadence and  no  longer  form  new  cells.  It  is  probable  also  that  other 
cells  whose  nuclei  undergo  amitotic  division  are  incapable  of  tissue- 
formation;  yet  it  may  occur  that  along  with  the  division  of  cell  and 
nucleus  by  holoschisis,  or  direct  segmentation,  there  may  be  joined  (as 
in  muscle-cells)  amitotic  nucleus-division  as  well,  and  that  the  resulting 
cells  may  have  the  capability  of  further  tissue-formation. 

Variations  in  the  method  of  the  division  of  the  cellular  proto- 
plasm occur  most  frequently  in  this  sense,  that  the  division  of  the  proto- 
plasm QiiliQv  follows  tardily  upon  the  division  of  the  nucleus,  or  fails 
entirely  to  come  to  pass.  Both  phenomena  are  observed  to  follow  upon 
mitotic  as  well  as  upon  amitotic  division  of  the  nucleus,  and  to  lead 
to  the  formation  of  binuclear  cells.  By  progressive  dichotomous  divi- 
sion, or  by  simultaneous  multiple  division  of  the  nucleus,  multinucle= 
ated  giant=cells  may  also  be  formed  which  either  persist  as  such  or 
undergo  further  division  later  on.  Cells  of  the  spleen  and  of  the  bone- 
marrow,  and  those  of  tumors  originating  in  the  bone-marrow,  manifest 
this  phenomenon  with  special  frequency.  This  i^henomenon  is  also  met 
with  very  often  when  proliferating  cells  lie  ai)plied  to  the  surface  of  a 
foreign  body,  and  likewise  in  the  cellular  new-formations  which  are 
caused  by  the  multiplication  of  tubercle  bacilli,  where  the  formation  of 
multinuclear  giant-cells  is  a  typical  occurrence.  The  adhesion  of  the 
cellular  protoplasm  to  a  solid  body,  and  also  the  degeneration  of  the 
protoplasm  from  bacterial  activity,  seem  here  to  be  factors  hindering 
division. 

Occasionally,  in  the  process  of  dividing,  the  protoplasm  of  the  cells 
puts  forth  buds  or  offshoots,  and  this  may  be  observed  to  occur  as  well 
before  as  after  the  division  of  the  nucleus.  Into  these  buds,  or  off- 
shoots, an  immigration  of  nuclear  substance  ((/.  new-formation  of  blood- 
vessels) afterwards  takes  place. 

§  85.  Cells  newly  developed  through  division  form  the  material  or 
the  germinative  tissue,  both  in  the  process  of  regeneration  and  in  that 
of  hypertrophy,  out  of  w^hich  new  tissue  can  be  evolved.  The  char- 
acteristics of  this  germinative  tissue  are  determined  by  the  characteris- 
tics of  the  mother-tissue  from  which  it  arose.  The  law  of  the  specific 
character  of  the  cells  finds  an  application,  therefore,  in  this  sense,  that 
in  every  case  cellular  germinative  tissue  is  capable  of  evolving  only  such 
tissue-structures  as  correspond  to  the  mother-tissue,  or  are  closely  akin  to  it. 
When  once  the  primitive  elements  of  the  embryo  have  become  divided 
into  germinal  layers,  and  when  within  these  germinal  layers  the  several 
tissue-formations  have  once  become  differentiated,  the  proliferative 
capacity  of  the  cells  becomes  limited  to  the  production  of  certain,  defi- 
nite species  of  tissue,  whether  in  the  increase  attending  physiological 
multiplication,  or  in  the  re-awakening  of  arrested  proliferative  processes. 

Epithelium  can  produce  only  epithelium  and  never  connective  tissue. 
The  gland-cells,  the  derivatives  of  epithelium,  can  produce  only  gland- 
cells  of  a  particular  kind,  or  functionless,  abortive  variants  of  the  same, 
but  never  a  new  kind  of  gland-tissue  having  the  functions  of  some  other 
gland. 
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With  the  starting  up  of  proliferation,  the  cells  of  the  connective 
tissue  produce  connective  tissue  directl}^  and  under  some  circumstances, 
i.e.,  if  some  particular  species  of  connective  tissue  is  involved  (perios- 
teum, perichondrium,  bone-marrow),  even  bone  and  cartilage  also;  but 
we  never  find  a  transmutation  of  connective-tissue  cells  into  epithelial 
cells  or  gland-cells.  So  too,  cartilage  cells  produce  only  cartilage,  or 
some  other  connective-tissue  derivative  belonging  to  the  mesoblast. 

The  cells  of  the  several  tissue-formations,  ganglion-cells,  glia-cells, 
and  muscle-cells,  form  only  such  tissues  as  conform  in  structure  and 
characteristics  to  the  type  of  the  mother-tissue. 

The  conditions  of  new  tissue=foriTiation  reside  immediately  in  the 
proliferative  faculty  of  the  cells,  which  remains  an  attribute  of  many 
cells  throughout  life,  and  abides  even  in  cells  which  do  not  multiply 
under  normal  conditions.  There  are  also,  however,  cells  ivhich  are  not 
capable  of  proliferation,  and  these  are  particularly  those  which,  like  the 
non-nucleated  red  blood-corpuscles,  the  horny  cells  of  the  epidermis, 
and  the  bone-cells,  have  undergone  extensive  metamorphosis  and  invo- 
lution. Among  potentially  proliferative  cells  it  is  particularly  the  epi- 
thelial cells,  and  so  also  many  gland-cells,  the  connective-tissue  cells, 
and  those  of  the  vessel-walls,  which  are  distinguished  by  a  capacity  for 
rapid  and  extensive  multiplication,  while  cartilage-cells,  glia-cells,  and 
ganglion-cells  multiply  only  under  particular  circumstances,  and  for  the 
most  part  produce  but  limited  quantities  of  tissue. 

The  causes  of  the  pathological  new  formation  of  cells  and  of  tis= 
sues,  as  they  underlie  the  development  of  hypertrophy  and  regeneration, 
can  be  traced  both  to  an  inherited  proclivity  of  a  tissue  to  pathological 
growth,  and  also  to  external  influences  acting  upon  normally  disposed 
tissue. 

AVe  must  assume  that  there  is  present  a  hereditary  tendency  origi= 
nating  in  the  germ,  in  all  those  cases  in  which  general  or  partial  giant- 
growth,  or  local  tissue  new-formation  of  the  nature  of  elephantiasis,  or 
tumor-growths  arise  without  external  causes,  either  entirely  of  them- 
selves or  after  very  slight  incitation,  entirely  incommensurate  with  the 
subsequent  tissue-proliferation.  Whether  in  such  cases  the  pathologi- 
cal growth  is  started  up  by  an  abnormally  strong  proliferative  tendency 
of  the  tissues,  or  b}^  an  abnormally  limited  inhibitory  faculty  residing 
in  the  tissues,  and  due  to  their  mutual  interrelationship,  is  a  question 
which  does  not  admit  of  a  piositive  answer ;  we  must,  however,  assume 
that  the  formative  capabilities  of  the  cells  are  the  controlling  factor  in 
the  potential  reproductivity  of  the  tissues. 

The  external  influences,  which  induce  pathological  new-formation 
of  the  cells  and  the  tissues,  consist  either  in  the  abolition  of  the  re= 
straints  upon  growth,  which  under  normal  circumstances  inhibit  the 
unlimited  growth  of  a  tissue,  or  in  the  increase  of  the  capacity  and  the 
tendency  of  the  cells  to  multiply,  or,  again,  in  the  combined  influence 
of  both  agencies. 

Where  the  formation  of  the  several  tissues  and  organs  has  been  com- 
pleted, their  cells  are  firmly  engaged  in  the  organized  whole  b}^  means 
of  cement-substances  or  strongly  elaborated  ground-substance,  and  it 
is  beyond  doubt  that  the  transformation,  which  the  originally  cellular 
constitution  of  the  tissues  has  thereby  undergone,  eventually  confines 
the  multiplication  of  the  cells  to  well-defined  limits,  or  brings  it  to  a 
complete  standstill.  If  vacant  spaces  are  formed  in  a  tissue  by  the  de- 
struction of  individual  cells,  or  if,  through  traumatisms  or  inflamma- 
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tions,  greater  defects,  or  more  extensive  disorganization  of  the  firmer 
framework  of  the  tissues,  is  brought  about,  then  the  mutual  interaction 
of  the  several  neighboring  tissue  elements  also  becomes  modified,  and 
the  observed  fact  that  under  such  circumstances  cell-division  starts  up, 
supports  the  idea  that  in  this  way  a  ^^orfion  of  those  influences  luhich 
inhibit  the  uninterrupted  multiplication  of  the  cells  has  been  done  away 
ivith. 

The  proposition,  that  an  increased  tendency  to  proliferation,  leading 
up  to  an  actual  inauguration  of  nucleus-  and  cell-division,  may  be  due  to 
the  action  of  external  influences,  involves  the  proviso  that  cells  may  be 
stimulated  not  only  to  functional,  but  also  to  nutritive  and  formative  activ- 
ity. The  first  of  these  provisions  enjoys  universal  recognition,  but  the 
latter  has  been  widely  disputed.  It  cannot,  however,  be  denied  that  ex- 
ternal influences  act,  not  only  to  bring  into  play  the  specific  functions 
of  cells,  such  as  contraction  and  secretion,  but  act  also  to  increase  their 
nutritive  and  reproductive  capacity,  or  to  excite  them  once  more  into 
action  when  in  abeyance.  These  formative  stimuli,  so  far  as  we  are 
acquainted  with  them,  are  identical  with  functional  stimuli;  the  hyper- 
troj^hy  following  on  increased  action  in  muscles  and  glands  indicates 
that  the  irritations  which  provoke  muscular  contraction  and  glandular 
secretion  cause  at  the  same  time  an  increase  in  the  nutritive  processes 
in  the  cells,  and  that,  in  case  they  increase  beyond  a  certain  measure, 
they  lead  to  the  formation  of  new  cells  of  like  functional  capability. 
It  is  not  possible  to  state  with  positiveness  whether  outside  these  phys- 
iological stimuli  there  exist  also  other  pathological  stimuli  capable  of 
inaugurating  a  proliferation  of  cells. 

Inasmuch  as  in  glands  (liver  and  kidney)  the  presence  of  certain 
definite  substances  increases  both  functional  and  formative  activity,  the 
assumption  is  justified  that  other  substances  also,  not  present  in  the 
organism  during  health,  may  act  in  the  same  manner.  It  is  also  possi- 
ble that  a  certain  increase  in  the  temperature  of  the  tissues  may  have 
such  an  effect,  and  we  may  adduce,  in  support  of  this,  the  fact  that  heat 
promotes  proliferation  within  damaged  and  inflamed  tissues  which  are 
superficially  located.  Here,  however,  we  have  to  do  with  tissues  in 
which  proliferation  is  already  under  way,  and  in  which  the  removal  of 
influences  inhibitory  to  tissue-growth  is  already  operative  in  starting 
the  proliferation. 

Heightened  nutrition  from  increased  blood-supph'  has  often  been 
brought  forward  as  a  cause  of  i:>roliferation.  But  increase  in  blood-supply 
does  not  induce  tissue-proliferation  in  normal  tissue.  The  cell  is  not  fed, 
but  rather  it  feeds  itself,  and  a  superfluity  of  nutritive  material  is  not 
sufficient  to  increase  the  nutritive  function.  It  is  a  more  reasonable 
possibility  that  a  qualitative  change  in  the  nutritive  material  should 
operate  to  this  end,  at  least  on  occasions  when  the  conditions  for  an 
increase  in  the  nutritive  and  formative  activity  of  the  cells  are  present. 

Most  recently,  Grawitz  '  has  advauced  the  view  that  cells  may  also  arise  from  inter- 
cellular suhstance,  and  he  claims  that,  in  the  formation  of  connective  tissue,  cells  are 
transformed  into  fibres,  and  pass  over  into  a  resting  stage,  in  vrhich  nuclei  are  no  longer 
visible  under  the  microscope.  From  these  invisible  resting  cells  {Schlummerzellen)  new 
cells  are  formed  again  in  inflammation  and  tissue-growth.  By  means  of  this  rest  theory, 
Grawitz  has  brought  again  into  discussion,  as  a  new  teaching,  views  which  years  before 

'  Grawitz:  "Ueber  die  scMummernden  Zellen  des  Bindegewebes  und  ihr  Verhalten 
bei  progi-essiven  Ernährungsstörungen,"  Virchow's  Archiv,  127.  Bd.,  1892;  "Atlas  der 
pathologischen  Gewebelehre,"  Berlin,  1893. 
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Stricker  and  Heitzmann  had  offered  ;  but  the  work  done  by  himself  and  his  pupils  in 
his  institute  contains  nothing  which  substantiates  his  view.  The  well-known  phenomena 
of  growing  and  inflamed  tissue  are  described,  and  no  observations  are  communicated 
which  can  be  regarded  as  proving  that  cells  may  spring  from  intercellular  substance — that 
is,  from  invisible  resting  cells. 

The  fertilized  ovum  is  capable  of  forming,  by  its  progeny,  all  the  various  tissues  of 
the  body,  ana  we  have  to  assume  that  this  capability  is  situated  in  the  nucleus,  which 
is  the  seat  of  the  inherited  characteristics.  With  the  advancing  differentiation  of  the 
tissues  thert  comes  a  simpliflcation  of  the  structure  of  the  nucleus;  that  is,  a  special 
protoplasmic  impulse  obtains  control,  so  that  now  the  cell  is  capable  of  producing  only 
?  special  kind  of  tissue.  The  statements  therefore  are  in  error  which  say  that  from 
epithelium  connective  tissue  may  be  formed,  or  from  connective-tissue  cells,  gland- 
tissue  or  nerves.  According  to  Hansemann,  the  specific  quality  of  the  cells  is  indicated 
not  only  by  the  special  structure  of  the  complete  cell,  but  also  by  the  course  of  the 
karj^okinesis.  since  individual  differences  in  this  process  occur  in  the  different  kinds  of 
tissue,  by  which  one  can  recognize  the  separate  tissues  by  the  form  of  their  mitosis 
(size,  number,  and  shape  of  the  chromosomes). 

The  views  of  different  authors  in  regard  to  the  causes  of  tissue-proliferation  vary 
very  widely.  This  is  dependent  upon  the  fact  that  these  causes  are  not  open  to  exact 
recognition,  so  that  we  are  obliged  to  liave  recourse  to  hypotheses.  It  is  not  practicable 
at  this  place  to  enter  into  a  thorough  discussion  of  the  different  opinions.  I  have  col- 
lected them  in  my  treatise  concerning  the  causes  of  tissue-proliferation,^  and  have  there 
more  exactly  defined  and  substantiated  my  views.  That  over-nourishment  is  not  able, 
of  itself  alone,  to  bring  about  new-formation  of  tissue  is  made  evident,  to  a  certain 
degree,  by  the  fact  that  an  increase  in  the  fleshy  parts  of  the  domestic  animals  cannot 
be  brought  about  by  forced  feeding,  but  only  an  increase  in  the  accumulation  of  fat. 
According  to  Penzo,  gi'owth  of  the  tissues  in  young  animals  is  very  greatly  promoted  by 
temperatures  of  from  ::J7^  to  40'  C.  (98.5°  to  104°  P.),  while  by  temperatures  of  from  10^° 
to  12°  C.  (50°  to  55.6°  F.)  growth  and  cell  regeneration  are  retarded.  Roemer  believes 
that  injection  into  the  blood  of  fluid  containing  protein  causes  a  multiplication  of 
leucocytes  by  division. 

§  86.  If  portions  of  tissue  are  removed  from  the  body,  they  do  not 
immediately  die,  but  continue  to  live  for  a  certain  period  of  time ;  and, 
in  the  case  of  some  of  the  tissues,  it  is  a  possible  thing  to  transplant  a 
certain  portion  from  one  part  of  the  body  to  another,  and  to  secure  its 
continued  living  in  the  new  position.  Transplantation  and  implanta= 
tion  may,  accordingly,  be  practised,  with  the  result  that,  under  special 
conditions,  a  maintenance  of  the  tissue-grafts,  and  even  a  continued 
growth  will  follow. 

Attempts  at  transplantation  are  very  old,  and  have  been  made  upon 
various  tissues ;  for  instance,  periosteum  and  marrow  have  been  trans- 
planted to  soft  parts  or  into  blood-vessels,  and  made  to  grow  there 
(Oilier,  Bruns,  Barkow,  Gohnheim,  Maas,  and  others).  Further,  the 
spurs  of  young  cocks  have  been  transplanted  to  the  combs  of  other 
cocks,  and  rats'  tails  have  been  successfully  brought  under  the  skin  of 
the  back  of  other  rats  (Dohamel,  Hunter,  P.  Bert) .  Attempts  have  also 
been  made  to  effect  a  successful  implantation  of  the  tissues  of  the  thyroid 
gland  (von  Eiselsberg,  Christiani,  and  others),  the  pancreas  (Minkow- 
ski, Hedon)  and  the  ovary  (Knauer). 

The  most  numerous  transplantations  of  tissue  have  been  made  with 
skin.  The  investigations  of  Beverdin  and  Thiersch  gave  the  impulse  to 
the  utilization  therapeutically  of  slin-iransplautation  for  the  healing  over 
of  broad,  open  wounds.  The  same  procedure  is  made  use  of  when  com- 
pletely separated  pieces  of  skin  are  to  be  made  to  unite  again,  by  healing, 
with  the  underlying  tissues  from  which  they  had  been  separated. 

For  successful  transplantation — that  is,  transplantation  followed  by 
multiplication  of  the  cells  and  formation  of  new  tissue— the  best  struc- 

-  Ziegler :  "Die  Ursachen  der  pathol.  Gewebsneubildimgen,"  Intern.  Beitr..  Festsch. 
f.  Virchow,  Berlin,  181)1. 
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tures  are  those  whose  cells  are  capable  of  rapid  growth — for  example, 
epithelium  and  periosteum.  Cartilage  of  adult  animals,  for  example, 
does  not  continue  to  grow  if  transplanted,  while  embryonic  cartilage 
does  grow  (Leopold  and  Zahn).  When  living  embryos  are  buried  in 
the  abdominal  cavity  or  in  the  tissues  of  an  animal,  the  softer  tissues  are 
quickly  absorbed,  while  the  firmer  ones  may  manifest  a  certain  growth, 
though  later  these  too  likewise  vanish.  Periosteal  tissue,  ovarian,  pan- 
creatic, thyroid,  and  splenic  tissues,  implanted  into  animals  of  the  same 
species,  may  heal  up  within  the  body,  and  later  even  functionate;  they 
generally,  however,  after  a  time  undergo  involution  and  eventually  be- 
come disintegrated,  and  their  place  is  taken  by  cicatricial  tissue.  Chris- 
tiani,  however,  in  the  case  of  the  implantation  of  thyroid  tissue  in  rats, 
was  able  to  demonstrate  a  regenerative  new-formation  of  portions  of 
tissue  which  at  first  had  begun  to  degenerate,  and  these  regenerated 
portions  of  the  imj)lanted  thyroid-tissue  maintained  themselves  ^s  long 
as  the  animals  lived  (two  years). 

Skin-grafting  can  be  undertaken  as  well  in  fresh  as  in  granulating 
wounds — that  is,  wounds  where  the  tissues  infiltrated  and  inflamed  are 
in  a  state  of  active  growth.  In  these  cases,  one  cuts  with  a  sharp  knife 
thin  strips  of  skin  which  contain  not  only  the  epithelium,  but  also  the 
tips  of  the  papillae,  and  in  part  also  the  uppermost  layers  of  the  corium. 
These  are  laid  upon  the  fresh  wound  —that  is,  upon  the  subcutaneous 
tissue,  fascia,  muscle,  periosteum — or  ujion  the  shaved-off  granulations, 
and  pressed  firmly  in  place  by  moistened  gauze.  The  fastening  of  the 
strip  upon  the  wound-surface  takes  place  by  coagulated  lymph  or  coag- 
ulated blood.     In  successful  cases,  in  eight  days  they  are  firmly  united. 

The  nourishment  of  the  transplanted  pieces  takes  place,  first,  by  the 
taking  up  of  material  from  the  exuded  tissue-fluids.  Later  on,  there 
rises  up  from  the  subjacent  surfaces  embryonic  tissue,  with  vessels, 
which  makes  its  way  through  the  superjacent  coagulum  into  the  trans- 
planted structure,  so  that  its  connective  tissue  contains  new  vessels. 
The  upper  horny  layers  of  the  epithelium  are  desquamated.  The  deeper 
layers  begin  to  grow  from  the  second  day  on,  and  form  new  epithelium, 
on  the  surface  of  which,  later  on,  a  horny  layer  appears.  If  connective 
tissue  is  transplanted  with  the  epithelium,  then  its  cells  may  also  go  on 
to  grow  and  produce  connective  tissue.  According  to  the  observations 
of  Goldmann,  however,  the  elastic  fibres  which  are  to  be  seen  later  in 
the  grafted  portion  come  from  the  surrounding  tissue.  Later  on — that 
is  to  say,  after  the  lapse  of  several  weeks — there  not  infrequently^  occurs 
a  shedding  of  the  epidermis.  Nevertheless,  when  the  transplanted  skin 
has  once  healed  and  begun  to  grow,  it  is  generally  permanent. 

If,  as  a  result  of  violence,  some  of  the  epithelial  structures  of  the 
skin  are  transferred  to  some  deeper  locality  in  the  body,  epithelial  cysts 
may  develop  from  these  cells. 


II.  The  Processes  of    Hyperplasia  and   Regeneration  in  the  Various 

Tissues. 

§  87.  The  morphological  changes  in  the  regeneration  and  hyper= 
plasia  of  epithelium  are  comparatively  simple.  The  karyomitoses  (Fig. 
151,  a-d)  correspond  in  the  main  to  those  described  in  §  83.  The  divi- 
sion of  the  protoplasm  ensues  either  in  the  later  stages  of  the  process  of 
nucleus-division  or  follows  after  it.     Sometimes  processes  are  formed 
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first  from  the  proliferating  ei:)itlielia,  and  into  them,  later,  nuclei  mi- 
grate. These  processes  become  independent  by  separation  from  the 
mother-cell. 

Epithelium  springs  only  from  epithelium,  and,  moreover,  the  various 
forms  of  epithelium  do  not  pass  over  into  one  another.  It  is,  however, 
to  be  noted  that  under  certain  conditions — for  example,  in  cases  of  in- 
flammatory irritation  of  long  standing — epithelium  which  is  regenerat- 
ing may  change  its  character;  so  that  pavement  epithelium  may  be 
developed  on  surfaces  which  originally  possessed  ciliated  cylindrical 
epithelium.  This  may  happen,  for  example,  in  the  case  of  cicatrices  in 
the  bronchi.  Lesions  of  ciliated  epithelium  are  in  the  first  place  re- 
paired by  flat  cells,  which  later  on  are  transformed  into  high  or  cylin- 
drical cells. 

Slight  losses  of  substance  in  the  superficial  epithelium  are  general h' 
quickly  replaced  by  regenerative  growth  in  the  neighborhood.  In  the 
intestine  a  lesion  of  the  epithelium  is  very  rapidly  healed  by  a  growth 
of  the  epithelial  cells  sit- 
uated in  the  deep  parts 
of  Lieberkühn 's  follicles. 
In  the  same  way,  glandu- 
lar epithelium — for  exam- 
ple, in  the  liver  or  the 
kidneys — is  quickly  re- 
placed after  loss,  provided 
the  structure  of  the  tissue 
— that  is  to  say,  the  sub- 
stratum upon  which  it 
rests— is  not  changed  or 
destroyed.  After  d  e  - 
struction  of  liver-tissue 
the  liver-cells,  as  well  as 
the  epithelium  of  the 
bile-ducts  (Fig.  151),  are 
developed,  and  when  the 
liver  is  injured  the  division  of  the  nuclei  of  the  liver-cells  may  occur  at 
a  comparatively'  great  distance  from  the  wound.  Wounds  made  pur- 
posely in  the  liver  heal  through  the  intervention  of  new-formed  connec- 
tive tissue,  into  which,  however,  only  offshoots  from  the  small  bile- 
ducts  penetrate.  A  local  reproduction  of  liver  tissue  does  not  take 
place.  Onh'^  under  special  conditions  does  a  transformation  of  prolifer- 
ated bile-ducts  into  liver-trabeculse  eventually  occur.  So  also  in  the 
kidneys,  the  testicles,  the  thyroid  gland,  and  the  ovary,  the  local  pro- 
duction of  gland-tissue  in  the  connective-tissue  cicatrix  is  very  limited 
or  entirely  absent,  and  does  not  proceed  to  the  formation  of  functionat- 
ing tissue.  In  the  salivary  and  mucous  glands,  on  the  contrary,  there 
occurs  a  lively  reproduction  of  the  glandular  canaliculi  and  a  new-forma- 
tion of  alveoli. 

If  portions  of  the  intestinal  mucosa  and  submucosa  are  destroj^ed  by 
ulceration,  there  takes  place  during  the  healing  x^rocess  a  proliferation 
of  gland-tissue  also,  which,  according  to  the  nature  of  the  defect,  pro- 
duces now  typical,  and  again  more  atypical  new-formed  glands  (Fig.  152, 
i),  which  grow  into  the  submucosa.  The  new  gland-formation  starts 
from  the  old  glands,  whose  epithelium  spreads  itself  out  over  the  edge 
and  the  base  of  the  ulcer  (Fig.  151,  q,  h),  and  likewise  overspreads  any 
14 


Fig.  151.— Regeneration  of  the  epithelium  of  the  biliary  pas- 
sages in  the  neighborhood  of  a  wound  five  days  old.  (Flemming's 
mixture;  safranin.)  a.  Enlarged  nucleus  of  epithelial  cell,  with, 
increased  chromatin ;  b.  epithelial  cell  with  mother-skein ;  c,  epi- 
thelial cell  with  mother-star;  cZ,  epithelial  cell  with  daughter- 
skein;  /,  connective-tissue  cell  with  daughter-star.  MagniQed 
400  diameters. 
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hollows  (k)  which  happen  to  be  present.  In  similar  fashion,  ulcerative 
defects  in  the  stomach  are  restored,  and  even  extensive  ulcers  may  be- 
come covered  over  again  with  glandiferous  mucous  membrane,  although, 
indeed,  the  glands  do  not,  for  the  most  part,  reach  a  typical  develop- 
ment. 

The  epithelial  portions  of  the  uterine  mucous  membrane,  which  are 
physiologically  shed  in  part  during  menstruation  and  parturition,  and 
reproduce  themselves  thereafter,  are  restored  also  in  the  healing  of 
l)atliological  defects  in  the  mucous  membrane.  The  new-formation  of 
epithelium  proceeds  from  the  glandular  remains. 

If  compensatory  hypertrophy  takes  place  in  a  kidney  or  liver,  as  a 
consequence  of  loss  of  kidney-  or  liver-tissue,  it  is  brought  about  by 
the  formation  of  new  gland-cells  and  enlargement  of  existing  gland-tubes 
and  stroma.  After  extirpation  of  a  kidney  the  commencement  of  com- 
pensatory hypertrophy  ma^^  under  some  circumstances,  occur  on  the 
third  day  with  the  appearance  of  nuclear-division  figures  in  the  epithe- 
lium of  the  urinary  canals,  and  then  there  takes  place  a  further  perma- 
nent growth  of  the  epithelium  of  the  tubules  and  the  glomeruli,  as  well 
as  of  the  cells  of  the  vessel-w^alls.  As  a  result  of  these  changes  all  these 
parts  undergo  enlargement.  In  the  liver,  for  example,  the  lobules  of 
gland-tissue  become  enlarged,  but  no  actual  new-formation  of  these  tis- 
sues take  place. 

§  88.  The  new  formation  of  blood-vessels  plays  an  important  part 
in  the  hyperplasia  of  the  most  varied  tissues.  If  connective  tissue, 
bone,  or  gland  is  to  be  reproduced  in  any  considerable  amount,  the  new 
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Fig.  152.— Healing  of  an  ulcer  of  the  small  intestine,  ^th  formation  of  new  gland-tubes  in  the  submu- 
cosa.  (Müller's  fluid ;  haematoxylin.)  a,  Mucosa ;  7),  submucosa  :  c,  d,  muscularis ;  e,  serosa :  f,  rest  of  the 
base  of  ulcer  not  yet  covered  with  epithelium :  g,  overhanging  edge  of  ulcer;  7?,  base  of  ulcer  covered  with 
epithelium ;  i,  new-formed  glands  situated  in  the  submucosa ;  }:,  deep  crypt  covered  with  epithelium.  Mag- 
nified SO  diameters. 


formation  of  blood-vessels  is  essential,  since  only  by  means  of  these  can 
sufiicient  nutriment  be  brought  to  the  growing  tissue. 

The  development  of  new  blood-vessels  takes  place  by  the  formation 
of  offshoots  from  the  wall  of  preexisting -vessels  (Fig.  153).  Shortly 
after,  or  at  the  same  time  with,  the  formation  of  the  offshoot,  or  even 
earlier,  a  growth  of  the  cells  of  the  vessel=wall  takes  place — that  is,  of 
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the  endothelium  (Fig.  154)— in  which  nuclear  division  occurs  by  karyo= 
mitosis. 

As  the  first  indication  of  a  new  vessel,  one  notices  on  the  outer  side 
of  some  capillary  loop  a  tent-shaped  elevation,  which  terminates  in  a 
fine  protoplasmic 
thread  (Fig.  153,  a), 
standing  out  from 
the  vessel,  and 
which  becomes  lon- 
ger and  longer, 
while  at  the  same 
time,  also,  the 
granular  mass 
grows.  In  this  way 
there  is  then  formed 
a  solid  granular  arch 
of  protoplasm,  which 
ends  in  a  thread  of 
protoplasm  (a),  and 
after  a  certain  time 
contains  nuclei.  It 
may  penetrate  into 
another  vessel  o  r 
unite  with  some 
other  arch  which  it 
meets,  or  finally  re- 
turn again  to  the 
same  vessel  from 
which  it  started. 

Furthermore, 
from  the  arch  itself 

new  arches  may  spring  (Fig.  153,  b,  c) ,  or  it  may  end  in  a  club-shaped 
process. 

The  arch,  which  in  the  first  place  was  solid,  after  a  certain  time  be- 
comes hollow^  (b,  a)  by  the  liquefaction  of  its  central  part,  and  this  space 
either  at  once  or  very  soon  comes  to  communicate  with  the  lumen  of  the 
blood-vessel  (a),  or  else  there  is  developed  a  protrusion  of  the  lumen  of 
the  vessel  at  the  seat  of  the  arch.  The  blood  of  the  parent- vessel  makes 
its  way  at  once  into  the  cavity  of  the  daughter-vessel  and  widens  it  out. 
By  reason  of  the  fact  that  the  hollowing  out  advances  and  extends  to 
the  point  of  entry  of  the  protoplasm-arch  into  another  blood-vessel, 
there  is  formed  a  new  capillary  loop  permeable  for  blood. 

The  arch  of  protoplasm  which  raises  itself  from  the  wall  of  a  blood- 
vessel is  to  be  regarded  as  a  process  of  a  cell  of  the  vessel-wall,  and 
later  on,  after  it  has  acquired  a  nucleus,  it  comes  to  be  an  independent 
cell.  Accordingly,  the  blood-vessels  arise  from  the  holloiving  out  of  a  fili- 
form cell. 

Immediately  after  the  opening  of  the  way  for  blood,  the  capillarj^  is 
a  tube  with  a  homogeneous  wall.  After  a  certain  length  of  time  the 
protoplasm  gathers  itself  about  the  nuclei,  which  have  in  the  mean  time 
divided  and  multiplied  so  that  eventually  the  capillary  is  made  up  of 
pavement  epithelium.  As  Arnold  has  shown,  the  line  of  division  be- 
tween the  separate  flat  cells  may  be  demonstrated  by  injecting  a  solution 
of  silver  into  the  vessel  (endothelial  cells).     At  this  time  the  wall  ap- 


-Development  of  a  blood-vessel  by  formation  of  offshoots,  from 
preparations  which  were  taken  from  a  formation  of  Inflammatory  gran- 
ulations, a,  b,  c,  d.  Different  forms  of  offshoots— some  solid  (ö,  c),  some 
becoming  hollow  (a,  b,  d),  some  simple  (a,  d),  some  branching  (b,  c), 
some  without  nuclei  (a,  d),  some  with  nuclei  (&,  c).  Formative  cells  have 
applied  themselves  to  the  outside  of  the  offshoots. 
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pears  already  materiallj-  thickened,  partly  from  growth  of  the  cells 
themselves  of  the  vessel-walls,  but  partly  also  because  a  considerable 
number  of  the  formative  cells  of  the  neighborhood  heap  themselves  upon 
the  surface  of  the  young  vessel  (Fig.  153,  d),  apply  themselves  to  the 
wall,  and  so  make  it  thicker. 

The  process  of  new  vessel-formation  consists  mainly  of  the  phases  of 
development.  It  seems,  however,  that  a  new  feature  may  appear  in  the 
process  of  development,  in  that  spindle-shaped  or  club-shaped  or 
branched  formative  cells  may  become  associated  with  the  processes  of 
the  vessel-walls,  and  then,  in  the  same  way  as  in  the  case  of  the  j^roto- 
plasmic  arches,  be  transformed  into  capillaries,  by  the  development  of  a 
central  canal. 

At  the  time  of  the  formation  of  the  offshoots,  the  endothelial  cells  of 
the  capillaries  are  much  swollen,  and  sometimes  in  growing  tissues  they 
reach  such  a  size  that  the  cross-section  of  a  ca- 
pillary looks  not  unlike  a  gland-duct  lined  with 
epithelium  (Fig.  155,  d).  At  the  same  time, 
nuclear-division  figures  appear  in  the  endo- 
thelium (Fig.  154,  a-c),  which  later  on  are  fol- 
lowed by  division  of  the  nucleus  and  cell. 

In  just  what  relation  these  growths  stand  to 
the  bud-formation  has  not  yet  been  clearly  made 
out,  but  doubtless  the  buds  spring  from  grow- 
ing cells.  The  growth  of  the  endothelium,  how- 
ever, does  not  always  lead  to  the  formation  of  new 
vessels,  but  may  only  bring  about  a  thickening  of 
the  wall,  and  finally  an  obliteration  of  the  lumen. 
If  the  new-formed  capillaries  are  to  become 
arteries  and  veins — a  change  which  in  the  case  of 
extensive  new  growths  must  always  occur  in  a 
part  of  the  capillaries — this  takes  place  by  a 
growth  of  the  cells  of  the  vessel-wall.  The  dif- 
ferent parts  of  the  arteries  and  veins  are  devel- 
oped from  this  formative  material  by  special 
processes  of  differentiation. 


Fig.  154.  —Two  vessels  of 
the  papillary  layer,  whose  en- 
dothelial cells  are  in  process  of 
growth ;  five  days  after  paint- 
ing the  skin  of  the  back  of  the 
foot  with  iodine.  (Flemming's 
mixture ;  safranin ;  picric 
acid.)  a,  Nucleus  with  chro- 
matin framework  ;  b,  b  i , 
skein  forms;  c.  mother-star; 
d,  connective-tissue  cell  with 
nuclear-division  figure ;  c,  uni- 
nuclear leucocytes.  Magnified 
350  diameters. 


In  the  handbooks  of  pathological  anatomy  and  surgery, 
three  forms  of  new  formation  of  vessels  are  generally  describ- 
ed, and  distinguished  as  primary,  secondary,  and  tertiary. 
In  the  primary  form  the  cells  of  the  germ-tissue  are  directly  transformed  into  red 
blood-cells  and  the  elements  of  the  vessel-walls,  and  this  takes  place  as  follows  :  the 
germ- cells  unite  together  to  form  strings,  whose  axial  portions  become  red  blood-cells, 
while  the  peripheral  parts  become  the  structm-e  of  the  wall.  This  form  of  vessel-de- 
velopment which  occm'S  in  the  embryo,  does  not  take  place  pathologically. 

In  the  secondary  form,  according  to  Billroth,  0.  Weber,  and  Eindfleisch,  spindle- 
cells  unite  to  form  cords  in  such  a  way  that  thej^  inclose  between  them  a  canal. 

So  far  as  I  can  see,  these  observations  are  based  upon  errors  ;  because,  very  early, 
spindle-cells  heap  themselves  upon  the  vessel-buds — for  example,  in  gi-anulations — cover 
over  the  buds,  and  form  strings  of  cells  about  them. 

The  so-called  tertiary  formation  is  that  which  has  been  described  in  the  main  text. 


§  89.  The  connective=tissue  structures  are  almost  all  capable  not 
only  of  a  hyperplastic,  but  also  of  a  regenerative  growth.  This  espe- 
cially holds  good  of  unformed  and  formed  connective  tissue,  the  perios- 
teum, and  the  marrow,  while  cartilage  possesses  only  a  feeble  power  of 
regeneration,  and  the  completely  developed  bone  takes  no  share  in  the 
new  formation  of  bone-tissue.     In  case  of  destruction  of  connective  tis^ 
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sue  the  substitution  tissue  newh^  formed  b}-  regenerative  growth  is  very 
often  not  the  same  as  the  original  tissue.  More  often  another  form  of 
connective  tissue  comes  in    its 
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comes  m 
place.  Thus  defects  in  carti- 
lage are  for  the  most  part  re- 
13laced  b}'  connective  tissue  or 
Idj  bone,  and  in  the  place  of 
destroyed  fat,  lymph-glands, 
tendons,  etc.,  there  is  developed 
thick,  fibrillated  connective  tis- 
sue— so-called  scar-tissue. 

Hyperplastic  and  regenera= 
tive  growth  of  connective 
tissues  is  ushered  in  by  cell-mul- 
tiplicatlon,  in  the  course  of 
which  the  above-described  kary- 
omitoses  occur  (Fig.  151,  f; 
Fig.  154,  f?;_Fig.  155,  Z>,  c). 

In  injuries  to  the  tissues, 
the  cell-proliferation  begins  very 
early,   so  that,  for  example,  in 

fractures  of  bones,  already  on  the  second  day  single  cells  of  the  peri- 
osteum have  enlarged  and  show  nuclear-division  figures.  In  regenera- 
tion and  hyperi)lasia  after  slight  injuries,  here  and  there  karyokinetic 
figures  occur,  and  lead  soon  to  the  formation  of  new  cells  (Fig.  154,  d). 

If  only  a  few  cells  are  destroyed  by  an  injurj^  to  a  tissue,  new-formed 
cells  are  developed  in  the  jjlace  of  those  lost,  without  any  considerable 
change  in  the  structure  of  the  tissue  taking  place.  If,  on  the  contrary, 
under  pathological  conditions,  a  considerable  amount  of  new  structure 
is  formed  in  a  short  time,  the  proliferating  cells  form  an  embryonic 
tissue  consisting  for  the  most  part  of  cells  and  blood-vessels  (Fig.  155) . 
The  extent  of  this,  naturally,  may  vary  considerably,  and  depends  i:)artly 


Fig.  155.— Proliferating  periosteum,  four  days  after 
fracture  of  a  bone.  (Fleraming's  mixture ;  hasmatoxy- 
lin.)  a,  Pale  formative  cells  with  large  nuclei ;  b,  osteo- 
blast with  nuclear-division  flgm-es ;  c,  two  cells  soon 
after  division,  showing  thread-skein  in  nucleus ;  d, 
blood-vessel  with  proliferating  endothelium ;  e,  endo- 
thelial cell  with  nuclear  figure;  /,  small  dark-colored 
formative  cells ;  (/,  leucocytes.   Magnified  400  diameters. 


Fig.  156.— Isolated  cells  from  a  granulating  wound.  (Picrocarminc.)  a.  Uninuclear  leucocytes;  ai, 
multinuclear  leucocyte ;  ft,  different  shapes  of  uninuclear  formative  cells;  c,  double-nucleated  foraiatlve 
cells :  Ci,  multinucleated  formative  cells ;  (?,  formative  cells  in  the  process  of  tissue-formation ;  e,  completed 
connective  tissue.    Magnified  500  diameters. 
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•upon  the  capacity  of  the  tissue  for  i^roliferation,  i)artly  upon  the  nature 
of  the  lesion  which  leads  to  the  proliferation.  For  example,  the  perios- 
teum, proliferating  after  fracture  of  a  bone,  forms  a  continuous  layer  of 


s:.t^. 


Fia.  157.— Development  of  connee- 
tive  tissue  from  tlljrohlasts.  (Mül- 
lers fluid;  picnicaniiiiip.»  a,  Fibro- 
blast ;  /j,  hyaline  basement  substance 
with  separated  fibrils ;  c,  fibrils  around 
fibroblasts.  Magnified  •!<)()  diame- 
ter's. 


developing  embryonic  tissue  (Fig.  155), 
while  proliferating  cartilage  generally  pro- 
duces only  small  foci  consisting  of  a  lim- 
ited number  of  cells. 

The  i^roliferating  cells  are  always  larger 
than  those  of  fully  developed  and  quiescent 
connective  tissue,  and  contain  large  bladder- 
like  nuclei  with  nucleoli.  They  have  for 
the  most  i^art  one  or  two  nuclei  (Figs. 
155  and  156) ,  though  multinuclear  cells  also 
occur  (Fig.  150,  ci)  — the  so-called  (jui id  cells. 
Since  all  of  these  cells  are  the  antecedents 
of  the  future  tissues,  they  are  called  forma= 
tive  cells.  If  connective  tissue  is  to  develoj) 
later  from  the  embryonic  tissue,  tlien  these  cells  are  called  fibroblasts 
(Fig.  15(),  h,  c,  (7,  e,  and  Fig.  157,  a).  The  antecedents  of  cartilage  and 
bone  are  called  chondroblasts  (Fig.  158,  r/,  c)  and  osteoblasts  (Fig. 
155,  a,  h,  c). 

The  shape  of  the  formative  cells  may  vary  (Fig.  156,  h,  c,  d,  e),  and 
depends  in  part  upon  internal  causes— that  is,  upon  changes  in  shape 
spontaneously  developed, — in  part  upon  the  influence  of  the  environment, 
which  under  certain  circumstances  compels  the  cells  to  take  certain 
definite  shapes.  The  most  varied  shapes  occur  in  the  cells  which  pro- 
duce connective  tissue. 

If  connective  tissue  is  to  be  developed  from  an  embryonic  tissue, 
either  üne/ihrüke  (Fig.  156,  d,  e)  api^ear  at  once  in  certain  x)arts  of  the 
cell-protoplasm,    or 


else  there  appears 
first  a  homogeneous 
inter  celh  dar  sub- 
stance (Fig.  157,  h), 
in  which,  subse- 
quently, the  nbrillae 
become  differentiat- 
ed. The  formative 
cells  meanwhile  di- 
minish in  size,  and 
come  to  lie,  for  the 
most  part,  in  small 
clefts  (Fig.  156,  e) 
which  are  situated 
in  the  basement 
substance. 

Elastic  fibres 
first  make  their  ap- 
pearance in  newly 
formed      connective 

tissue  at  a  somewhat  late  stage.  According  to  the  investigations 
which  have  thus  far  been  made,  they  are  also  a  product  of  the  cells. 
At  first  they  present  the  appearance  of  very  delicate  fibrils,  but  they 
may  also  unite  to  form  fibres  of  some  degree  of  thickness. 


FIG.  158. 


Periosteal  cartilage-formation  in  a  fracture  five  days  old. 
(Flemming's  mixture;  hnematoxylin ;  glycerin.)  a,  Cellular  embryonic 
tissue ;  h,  cartilage-tissiie ;  c,  proliferating  periosteal  formative  cells ;  d, 
cartilage-cells;  dj,  d.2,  nuclear-division  figures  in  cartilage-cells;  e,  base- 
ment substance  of  the  embryonic  tissue :  f ,  basement  substance  of  the  car- 
tilage ;  (/,  cartilage-cell  capsules ;  /(,  proliferated  endothelium  of  a  blood- 
^essel.    Magnified  350  diameters. 
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Fig.  159.— Formation  of  osteoid  trabeculas  from  the  proliferating 
periosteum.  Preparation  from  a  fracture  fourteen  days  old.  (Miil- 
ler's  fluid ;  picric  acid ;  heematoxylin ;  carmine.)  a,  Fibre-layer 
belonging  to  the  outer  periosteum ;  b,  embryonic  tissue ;  c,  osteoid 
tissue ;  d,  cartilage-tissue  ;  e,  marrow.    Magnified  50  diameters. 


In  the  development  of  hyaline  cartilage  there  appears  between  the 
cells  a  hyaline  basement  substance  (Fig.  158,  /),  while  the  chondro- 
blasts  (c)  at  the  same  time  take  on  a  more  rounded  form  (d).  As  time 
goes  on  the  basement 
substance  increases, 
and  the  chondroblasts 
shrink,  and  come  to 
lie  in  rounded  cavities 
whose  walls  are  denser 
than  the  rest  of  the 
basement  substance,  and 
later  on  form  the  part 
of  the  ground-substance 
which  is  called  carti- 
lage-capsule. 

If  bone  is  to  develop 
from  cellular  embryonic 
tissue  there  appears  be- 
tween the  formative  cells 
a  homogeneous  or  fibril- 

lated  dense  basement  substance  (Fig.  159,  c),  which  later  on  becomes 
impregnated  with  calcareous  salts.  The  osteoblasts  come  to  lie  in  ir- 
regular spaces  with  processes  (Fig.  159,  c,  and  Fig.  160,  h)  which  are 
generally  called  bone-corpuscles.  In  extensive  development  of  cellular 
embryonic  tissue,  its  transformation  into  bone  always  is  limited  to 
a  part  of  the  tissue,  so  that  within  the  embryonic  tissue  trabeculse 
(Fig.  159,  c)  are  formed,  which  are  called  osteoid  trabeculae  as  long 
as  they  remain  incomplete  and  do  not  contain  lime-salts.  The  tis- 
sue between  (b)  is  transformed  into  marrow  by  the  cells  becoming 
united  to  one  another  by  processes,  while  there  appears  between  them 
a  fluid  basement  substance,  in  which,  later  on,  round  cells  become 
embedded.  If  only  a  little  bone  is  to  be  formed  and  old  bony  tra- 
beculse  are  to  be  coated  over,  then  osteoblasts  form  a  layer  on  its 
surface  (Fig.  160,  c)  and  these,  later  on,  produce  bone  in  the  above- 
described  way. 

riucous  tissue  develops  from  embryonic  tissue  by  the  formation  of 
a  homogeneous,  gelatinous  matrix  containing  mucin  and  lying  between 

the  cells,  while  the  latter,  at  least  in  part, 
form  a  network  by  means  of  processes. 

Lymphadenoid  tissue  develops  from 
embryonic  tissue  by  the  formation  of  a 
part  of  the  cells  into  a  supporting  retic- 
ulum, while  lymphatic  round  cells  gather 
in  the  meshes  of  this  network,  which  con- 
tains fluid.  In  injured  lymph-glands  the 
cells  of  the  framework  first  take  on  a  pro- 
liferative activity  and  then  produce  or- 
dinary fibrillated  connective  tissue.  It  is 
only  to  a  very  limited  extent  that  the  lat- 
ter disposes  itself  in  the  form  of  a  re- 
ticulum, and  so  presents  the  characteristics  of  lymph-adenoid  connective 
tissue. 

Spleen  tissue  proper  is  not  reproduced  when  this  organ  receives  an 
injury ;   the  wound  heals  through  the  growth  of  ordinary  cicatricial  tis- 


^=^ 


Fig.  160. —Bone-formation  by  heaping 
up  of  osteoblasts  upon  old  bone.  (Müller's 
fluid :  picric  acid  ;  haematoxylin ;  car- 
mine.) a.  Old  bone ;  h,  new-formed  bone ; 
c,  osteoblasts.    Magnified  300  diameters. 
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sue.     It  is  also  a  fact  that  compensatory  hypertrophy  does  not  take 
place  after  the  removal  of  a  considerable  portion  of  the  organ. 

Fatty  tissue  arises  by  the  taking  up  of  fat  into  the  cells  of  embry- 
onic tissue  or  of  mucous  tissue  or  of  connective  tissue,  while  the  cells 
change  to  fat-cells  by  the  running  together  of  the  fat-drops  which  they 
contain. 

The  basement  substance  of  the  tissues  described  is  a  product  of 
the  protoplasm  of  the  formative  cells.  Whether  in  the  process  parts 
of  the  protoplasm  are  directly  changed  into  basement  substance,  or 
whether  they  secrete  the  basement  substance  or  manufacture  it  from  the 
intercellular  fluid,  are  questions  difficult  to  decide;  yet  it  is  probable 
that  only  the  two  first-mentioned  methods  of  formation  occur  {cf.  Fig. 
156,  d,  and  Fig.  157).  In  suitable  specimens  one  may  often  notice  that 
the ßbriUce,  not  onl}^  of  the  ordinary  connective  tissue  and  the  osteoid 
tissue,  but  also  of  the  newly  formed  cartilage  tissue,  are  connected  icith 
cells  ;  that  is  to  say,  they  represent  simple  or  branching  processes  of 
such  cells,  or  they  may  even  in  some  places  enter  into  the  granular 
protoplasmic  substance  (Fig.  155,  (/),  thus  forming  an  integral  j^art  of 
the  cell-body. 

With  the  advancing  development  of  the  fibrillated  ground-substance 
,*:he  fibrillse,  to  a  great  extent,  become  separated  from  the  protoplasm. 

FihriUafed  connective  tissue  can  develop  from  am-  of  the  connective 
substances  which  may  take  on  proliferative  activity ;  but  in  the  course  of 
this  ijrocess  there  must  be  an  intermediate  stage  of  embryonic  tissue. 

Bone  arises  most  often  from  periosteum,  perichondrium,  and  mar- 
row, but  can  take  origin  at  times  also  from  other  connective-tissue  struc- 
tures, as,  for  example,  intermuscular  connective  tissue. 

Cartilage  arises  most  often  from  proliferating  perichondrium,  peri- 
osteum, marrow,  and  cartilage  itself,  but  occurs  also  in  other  connective- 
tissue  structures — for  example,  in  the  connective  tissue  of  the  testis  and 
the  parotid.  The  cartilage-cells  near  a  lesion  may,  under  certain  cir- 
cumstances, by  proliferation  produce  a  large-celled  embryonic  tissue, 
but  this  does  not  reach  any  considerable  size.  In  enchondroma,  the 
cell-multiplication  and  the  new  formation  of  cartilage  take  place  in  the 
same  way  as  in  physiological  cartilage-growth.  Yerj^  often  the  carti- 
lage formed  under  pathological  conditions  is  only  a  transitional  tissue  and 
changes  very  soon  again  into  bone  and  marrow  or  into  connective  tissue. 

New  lymphadenoid  tissue  may,  under  pathological  conditions,  develop) 
as  well  from  lymphadenoid  tissue  as  from  adipose  tissue  (Bayer)  and 
fibrillated  connected  tissue,  and  it  is  formed  from  the  latter  most  often 
in  the  connective  tissue  of  the  mucosa  and  submucosa  of  the  intestinal 
tract,  as  well  as  in  the  glandular  organs ;  rarely  in  intermuscular  con- 
nective tissue. 

Mucous  tissue  may  develop  from  all  proliferating  connective  tissue, 
but  appears  only  rarely  in  large  masses,  and  is  also  for  the  most  part  a 
transitional  form,  which  changes  into  adipose  or  connective  tissue. 

Adipose  tissue  develops  in  those  situations  which  already  normally 
contain  fat,  but  occurs  also  at  times  in  other  places — for  example,  in  the 
reticulated  framework  of  atrophic  lymph-glands,  in  the  perimysium  in- 
ternum of  atrophied  muscles,  etc. 

The  near  relationship  of  the  different  forms  of  connective  tissue  to 
one  another  enables  the  various  forms  to  pass  from  one  to  another  with- 
out the  need  of  an  intermediate  stage  of  embryonic  tissue.  Further  de- 
tails in  regard  to  this  matter  are  contained  in  the  next  part. 
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§  90.  The  new  formation  of  the  white  blood=cells  occurs,  in  the 
first  place,  within  the  lymphadenoid  tissue  of  the  lymph-glands,  spleen, 
and  intestinal  tract,  and  the  lymph-nodes  contain  areas  distinctly  sepa- 
rated off  from  their  surroundings,  in  which  there  are  always  a  large 
number  of  nuclear-division  figures  which  belong  for  the  most  part  to 
free  cells.  These  areas  are  called  germ-centres  (Flemming).  It  is  also 
probable  that  leucocytes  are  produced  in  the  bone-marrow  and  that  they 
gain  an  entrance  into  the  blood-vessels  of  the  part  (Neumann) .  More- 
over, proliferation  of  leucocytes  by  division  occurs  also  in  the  lymph- 
channels  of  the  lymph-glands  and  the  tissues,  and  now  there  is  no  doubt 
that  the  leucocytes  also  undergo  division  in  the  circulating  blood  and  in 
the  tissue-spaces. 

The  division  occurs  first  of  all  by  mitosis ;  but  amitotic  division  also 
takes  place,  and  upon  this  phenomenon  depends  the  fact  that  a  large 
part  of  the  leucocytes  contain  broken-up  por- 
tions of  nuclei,  of  peculiar  lobulated  or  wreath- 
like shapes. 

Mitotic  division  is  the  one  which  leads  to 
the  formation  of  viable  cells.  In  how  far  ami- 
totic division  (fragmentation  of  the  nuclei)  is 
followed  by  cell-division  is  hard  to  tell,  but 
there  is  no  doubt  that  the  leucocytes  with 
broken-up  nuclei  represent  for  the  most  part 
elements  undergoing  retrograde  metamorpho- 
Consequently  the  transformation  of  uni- 


FKt.  it)l  — se  Liuii  fiom  the  cen- 
tre of  development  of  a  mesentenc 
gland  (from  Flemmmg).  a.  Large 
leucocytes;  h,  small  leucocytes; 
c,  karyomltoses ;  d,  direct  division 
of  the  nucleus,  or  nuclear  frag- 
mentation, the  significance  of 
which  is  still  unknown ;  e,  cells 
which  contain,  about  the  nucleus, 
large  bodies  that  stain  and  smaller 
yellow  pigment  granules  whose 
meaning  is  imknown.  Prepara- 
tion treated  with  Flemming's  acid- 
mixture  and  stained  with  safranin 
and  gentian  violet.  Magnified  400 
diameters. 
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nuclear  into  multinuclear  leucocytes  would 
have  to  be  regarded  as  an  evidence  of  their 
death. 

Not  infrequently  in  pathological  conditions 
an  increase  in  leucocyte-formation  takes  place, 
and  this  may  occur  not  only  in  the  germ-cen- 
tres, but  also  in  other  situations.  This  in- 
crease may  lead  to  a  temporary  increase  of  the 
leucocytes  of  the  blood — to  a  leucocytosis, — as, 
for  example,  in  the  course  of  many  infectious 
diseases,  as  jjyaemia,  erysipelas,  pneumonia, 
pleurisy,  peritonitis,   in  which  especially  the 

polynuclear  cells  are  increased  in  number.  It  must,  however,  be  noted 
that  an  increase  of  the  leucocytes  of  the  blood  is  no  proof  of  an  increased 
production,  for  the  cells  may  be  transferred  from  the  lymphadenoid  tis- 
sue into  the  blood  in  larger  numbers.  In  the  chronic  disease  called  leu- 
Icoimia,  the  mononuclear  leucocytes  in  the  blood  are  increased.  Since  in 
leukaemia  sometimes  the  spleen,  sometimes  the  lymph-glands,  sometimes 
the  marrow,  and  in  some  cases  all  these  organs  together,  show  a  condi- 
tion of  hypertrophy  with  increased  cell-production,  it  is  likel}^  that  the 
leucocytes  present  in  the  blood  come  also,  for  the  most  part,  from  these 
organs.  In  harmony  with  this  view  stands  the  fact  that,  in  lymphatic 
leukaemia,  it  is  particularly  the  small  mononuclear  cell-forms  that  make 
their  appearance  in  the  blood,  and  these  correspond  with  the  cells  of 
the  lymphadenoid  tissue;  in  myelogenetic  and  mixed  forms  of  leukae- 
mia, rather  the  large  mouonucleated  cells,  such  as  correspond  to  the 
bone-marrow-cells  and  are  not  a  component  of  normal  blood.  In  leu- 
kaemia, furthermore,  a  multiplication  of  leucocytes  may  occur  also  in 
the  vessels  and  in  a  variety  of  organs. 
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The  new  formation  of  the  red  blood=cells  occurs  (Bizzozero,  Xeu- 
mann,  Flemming)  by  mitotic  division  of  nucleated  young  forms  of  red 
blood-cells— tlie  erythroblasts.  In  tlie  human  adult  the  seat  of  this 
growth  is  limited  to  the  bone-marrow,  and  this  also  holds  good  (Bizzo- 
zero) in  the  case  of  mammals,  birds,  rejjtiles,  and  tailless  amphibia,  while 
in  tailed  amphibia  and  in  fishes  the  spleen  also  has  a  share  in  it.  In  em- 
bryos the  development  and  multiplication  of  red  blood-cells  take  i)lace 
in  the  entire  vascular  system ;  later  this  productive  activity  is  confined 
to  the  spleen,  the  liver,  and  the  marrow,  and  finally  to  the  latter  alone. 

Neumann  claims  that  the  multiplication  of  the  young  forms  of  the 
red  blood-cells  takes  place  in  the  lymphoid  marrow.  According  to 
Bizzozero  and  Denys,  it  takes  place  only  within  the  vessels  of  the  mar- 
row, and  the  complete  development  of  the  red  cells  is  carried  out  in  the 
same  situation.  Timofejewsky  states  that  under  pathological  conditions 
it  may  also  take  place  in  the  circulating  blood.  The  transformation  of 
the  nucleated  into  non-nucleated  cells  takes  place,  according  to  most 
observers,  by  disax)pearance  of  the  nucleus.  Eindfleisch  and  Howell 
hold  that  the  nucleus  passes  out  of  the  cell.  According  to  Malassez  the 
cell  separates  off  from  the  nucleus. 

The  origin  of  the  nucleated  red  cells  has  not  yet  been  satisfactorily 
explained.  According  to  Bizzozero,  the  young  red  corpuscles  are  cells 
of  a  peculiar  kind  which  always  contain  haemoglobin  and  have  no  color- 
less periphery.  Denys,  Löwit,  and  Howell,  on  the  contrary,  assume 
that  ihej  arise  from  nucleated  colorless  cells  without  haemoglobin, 
which,  according  to  Denj's,  proliferate  within  the  vessels  of  the  marrow, 
while  Löwit  believes  that  the  colorless  antecedents  of  the  red  cells,  di- 
viding b}^  mitosis,  and  which  he  calls  erythroblasts,  occur  as  well  in 
the  lymph-glands  and  spleen  as  in  the  marrow,  and  as  well  in  the  ves- 
sels as  in  the  meshes  of  the  reticulated  tissue. 

Flemming,  who  agrees  with  Bizzozero  regarding  the  haemoglobin  of 
the  nucleated  young  red  blood-cells,  is  inclined  to  assume  that  the  youug 
forms  which  are  present  in  later  life  are  direct  descendants  of  those  of 
the  embryo  period,  while  Neumann,  believes  that  this  hypothesis  is  not 
sufficient  to  explain  all  the  phenomena  of  later  life,  as,  for  example, 
the  rej)lacing  of  the  fatty  marrow  containing  no  nucleated  red  cells  by 
blood-forming  lymphoid  marrow,  and  the  formation  of  blood  in  newly 
produced  marrow.  He  finds  himself  driven  to  the  assumption  either 
that  a  development  of  the  nucleated  blood-cells  takes  place  from  the 
leucocytes  of  the  blood  which  are  carried  to  the  marrow  after  birth  by  the 
arteries,  or  that  the  cells  arise  from  the  tissue-elements  of  the  marrow. 

In  the  increased  blood-formation  which  takes  place  after  loss  of 
blood,  as  well,  also,  as  in  severe  chronic  anaemias  and  in  leukaemia, 
nucleated  red  blood-cells  occur  also  in  the  circulating  blood  outside  the 
marrow,  while  under  normal  conditions  they  are  not  found  there.  The 
fatt}^  marrow  acquires  in  this  way  once  more,  in  part,  the  character  of 
lymphoid  marrow,  and  this  transformation  is  completed  by  disappear- 
ance of  the  fat,  by  a  widening  of  the  blood-vessels  with  an  increase  in 
their  contents,  and  by  an  increase  in  the  number  of  the  colorless  cor- 
puscles of  the  marrow. 

Ehrlich  ^  and  Einhorn  -  distinguish  among  tlie  leucocytes  of  the  normal  blood  :   (1) 

^  Zeitschrift  für  Min.  Med:,  i.  ;  ChariU-Annalen,  188-1 ;  Terhandl.  der  Phys.  Gesell- 
schaft zu  Berlin,  1878-79;  'di\d  Deutsche  med.  Wochenschr..  1883. 

^''üeber  das  Verhalten  der  Lymphocyten  zu  den  weissen  Blutkörperchen,"  I.-D.. 
Berlin,  1884;  ref.  Fortschritte  der  Med-.,  iii. 
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small  lymphocytes  with  relatively  large  nuclei  that  stain  deeply,  and  with  little  proto- 
plasm ;  (2)  large  lymphoc7/tes  with  large  nuclei  that  stain  faintly,  and  with  more  proto- 
plasm ;  (3)  mononuclear  transition  forms  with  irregular  nuclei ;  (4)  polynuclear  neutro- 
phile  leucocytes  with  polymorphous  nuclei,  or  with  several  nuclei  and  neutrophile  granules 
(granules  which  stain  with  a  neutral  dye,  obtained  by  mixing  acid  fuchsin  with  basic 
methyl  green),  these  forming  about  seventy  per  cent,  of  all  the  white  cells  of  the  blood,  and 
migrating  in  purulent  inflammations  ;  and  (5)  eosinophile  cells,  whose  protoplasm  con- 
tains numerous  granules  which  stain  with  acid  dyes  (eosin). 

According  to  Quincke,  the  life  of  a  red  blood-cell  is  probably  about  two  or  three 
weeks  ;  but  this  estimate  seems  too  small  in  view  of  some  other  observations,  which  in- 
dicate that  a  dog  manufactures  about  20  gm,  of  blood  a  day.  As  soon  as  the  red 
cells  are  incapable  of  performing  their  function  they  are  taken  up  by  white  blood-cells 
and  eliminated  from  the  blood-current,  and  this  takes  place  by  preference  in  the  spleen 
and  liver  as  well  as  in  the  marrow  and  lymph-glands.  The  red  cells  inclosed  in  the 
colorless  cells  (pulp-cells,  marrow-cells),  or  their  degeneration-products,  are  changed  to 
colored  or  colorless  iron  compounds,  which  may  be  demonstrated  microchemically  some- 
times in  soluble,  sometimes  in  granular  form.  A  part  of  these  iron  compounds  is  later 
on  taken  up  into  the  blood  in  the  spleen  and  marrow,  and  probably  also  in  the  liver, 
and  is  used  again  in  the  formation  of  new  red  blood-cells.  Another  part  of  the  iron,  on 
the  contrary,  is  excreted  through  the  liver-cells. 

Löwit  distingaishes  two  separate  forms  of  colorless  blood-corpuscles,  leucoblasts 
and  erythroblasts,  which,  lie  thinks,  have  an  entirely  different  meaning  and  do  not  pass 
from  one  form  into  the  other.  The  leucoblasts  are  the  lymphoid  cells  with  chromatin 
arranged  in  lumps,  and  which  do  not  suffer  division  by  mitosis,  but  are  changed  to 
multinuclear  leucocytes  by  fragmentation  of  the  nucleus.  The  erythroblasts  are  the 
colorless  youthful  forms  of  the  red  blood-cells,  which  undergo  mitotic  division  and 
differ  from  the  lymphoid  cells  by  the  homogeneous  character  and  slight  contractility  of 
the  protoplasm.  He  claims  that  the  transformation  into  cells  containing  haemoglobin 
takes  place  partly  in  the  blood,  partly  in  the  marrow. 

Flemming  considers  Löwit  in  error,  and  claims  that  a  transformation  of  colorless 
erythroblasts  into  red  cells  does  not  follow  from  Löwit 's  observations  ;  he  calls  atten- 
tion to  the  fact  that  leucocytes  that  do  not  go  on  to  form  red  cells  suffer  mitotic  division. 
Neumann  also  is  unable  to  agree  with  Löwit. 

Howell  claims  that  the  marrow  contains  numerous  colorless  erythroblasts,  which 
change  in  the  m.arrow  first  into  nucleated  red  cells,  and,  later  on,  into  the  non-nucleated 
form  by  extrusion  of  the  nucleus. 

Hayem  is  of  the  opinion  that  the  red  blood-cells  arise  from  biconcave,  non-nucleated 
discs,  the  blood-plates,  which  he  accordingly  calls  haematoblasts.  He  considers  that  the 
blood-plates  develop  into  colorless  lymph-corpuscles,  which  are  set  free  from  the  lymph 
before  they  come  into  the  blood.  Cadet  and  Pouchet  hold  opinions  like  the  above,  but 
the  latter  thinks  that  the  nucleated  red  cells  are  formed  by  direct  transformation  of 
leucocytes.  Malassez  thinks  they  come  from  buds  from  nucleated  cells  of  the  marrow. 
According  to  Denys,  with  whom  also  E.  H.  Ziegler  agrees,  the  red  corpuscles  have  a 
peculiar  origin.  In  birds  they  are  formed  from  the  wall  of  the  venous  capillaries  of  the 
bone-marrow,  which  have  a  germinal  area  for  red  cells,  in  the  shape  of  a  cellular  coating 
of  many  layers,  which  gives  up  into  the  blood-stream  cells  which  then  come  to  contain 
hsemoglobin. 

Foa  and  Salvioli  advance  the  hypothesis  that  the  large  cells  of  the  marrow,  with 
central  lobulated  nucleus,  produce  red  cells  by  the  development  of  a  bud  from  the  nucleus, 
which  comes  to  be  surrounded  by  hyaline  substance,  then  is  constricted  off,  and  finally 
comes  to  contain  hsemoglobin. 

§  91.   The   new  formation  of  transversely  striated  muscle=fibres 

starts  from  portions  of  old  muscle-fibre ;  and  if,  after  injury  to  a  mus- 
cle, the  intermuscular  connective  tissue  goes  on  to  active  growth,  it 
forms,  later  on,  only  connective  tissue,  or  probably  also  the  sarcolemma 
of  the  new  fibres,  but  never  new  contractile  muscle-fibres. 

After  injury  of  a  muscle,  the  first  signs  of  formative  activity  appear 
in  the  muscle-nuclei.  These  stretch  out  lengthwise  and  then  (Steudel, 
Nauwerck)  divide  into  a  varying  number  of  pieces.  Already  on  the 
second  day  mitotic  division  of  the  nuclei  may  begin  (Fig.  162,  a,  h), 
which  seems  to  be  the  only  way  in  which  the  tissue  multiplies ;  and 
under  favorable  conditions  this  takes  place  quite  actively  after  the  sec- 
ond day. 
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The  behavior  of  the  contractile  substance  of  the  muscle  differs  very 
materialh'  according  to  the  nature  and  extent  of  the  injury.  In  the 
case  of  traumatic,  as  well  as  of  toxic  and  ischsemic  injuries,  it  suffers 
fragmentation  into  larger  and  smaller  portions,  so  that  the  muscle-cells 
come  to  lie  in  spaces  of  various  sizes  in  the  midst  of  the  debris  of  the 
muscle-fibres.  Crushing  and  tearing  can  bring  about  a  wide  separation 
of  the  parts  of  contractile  substance.  The  ends  of  the  pieces  of  fibre 
then  become  sometimes  pointed,  sometimes  oblique,  transverse,  or  with 
irregular  edges.  Not  infrequently,  also,  after  a  short  time,  the  ends 
become  split  into  several  pointed  filaments  (Fig.  162,  a). 

The  mitotic  division  of  the  muscle-nucleus  takes  place  not  only  in. 
the  case  of  nuclei  that  rest  upon  living  fibres  (r/),  but  also  in  the  muscle- 
cells  (b)  lying  free  in  the  spaces  between  the  fibres  that  have  sejjarated 
from  one  another,  and  is  followed  in  both  cases  by  the  development  of 
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Fig.  162.— Portions  of  muscle-fibre,  from  wounds  of  muscle  at  various  stages  of  regenerative  growth. 
(Flemming's  mixture;  safranin.)  o.  Pointed  ends  of  a  muscle-flbre  with  nuclear-division  figures,  three 
days  after  being  torn  across;  b.  proliferated  muscle-nuclei  transformed  into  cells  rich  in  protoplasm,  of 
which  one  is  in  process  of  mitotic  division  ;  c.  piece  of  muscle-fibre  eight  days  after  tying  across  a  muscle  ; 
d,  giant  cells  which  inclose  a  necrotic  piece  of  muscle,  from  a  muscle-cicatrix  twenty-six  days  old ;  e.  /,  mus- 
cle-fibres ending  in  masses  of  protoplasm  (muscle-buds)— c  from  a  ten-days-old,  /  from  a  twenty-one-days-old 
cicatrix ;  g,  muscle-flbre  dividing,  from  a  forty-three-days-old  cicatrix.    Magnified  350  diameters. 


large  multinuclear  cells,  which  lead  to  the  formation  of  multinuclear 
protoplasmic  masses  on  the  ends  of  the  muscle-fibres  ie,f),  as  well  as 
in  the  body  of  the  fibres  {c).  Between  these  and  the  transversely  stri- 
ated muscle-substance  there  is  no  sharp  line  of  demarcation.  There 
occurs,  therefore,  with  multiplication  of  the  nuclei,  a  cjroidh  of  the  sarco- 
plasm  of  the  muscle-fibres,  and.  this  becomes  clearly  visible  :  and  it  is  prob- 
able that  the  muscle-fibrillse  also  may  suffer  a  transformation  again  into 
sarcoplasm. 

The  muscle-cells  that  are  not  connected  with  living  contractile  sub- 
stance become  transformed  into  large  epithelioid  cells  icith  a  large  nucleus 
(b),  which  again  is  changed,  by  continued  nuclear  division,  into  multi- 
nuclear masses  of  protoplasm  (d);  and  a  cicatrix  of  from  eight  to  thirty 
days,  consisting  of  growing  connective  tissue,  may  possess  such  giant 
cells  in  large  number,  which  often  contain  {d)  debris  of  the  old  fibres. 

The  new  muscle-fibres  are  developed  from  the  sarcoplasm  rich  in  nuclei 
which  appears  in  the  continuity  and"  at  the  ends  of  the  muscle-fibres, 
and  is  associated  with  the  formation  of  numerous  large  nuclei ;   and  by 
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its  increase  in  bulk  it  forms  a  growth  in  tlie  muscle,  which  has  been 
called  bud-format  loa  by  Neumann.  With  the  transition  of  the  sarco- 
plasm  into  muscle-fibrillae  there  appears  gradually  a  longitudinal  and, 
later  on,  also  a  transverse  striation,  an  indication  that  the  organic  struc- 
ture of  the  jjlasma  has  completed  its  development  in  the  way  character- 
istic of  muscle. 

The  greater  part  of  the  muscle-cells  groiviug  ivitJiout  connection  luitli  liv- 
ing muscle-ßhres  die.  Yet  it  must  be  noted  that  they  last  a  long  time,  so 
that  in  many  muscle-cicatrices  of  from  eight  to  forty  days  one  can  often 
find  large  numbers  of  masses  of  protoplasm  rich  in  nuclei,  which,  under 
some  circumstances,  may  form  long  continuous  bands  or  whole  rows  of 
separate  pieces  of  protoplasm.  There  is  also  no  doubt  that  a  part  of 
these  cells  are,  under  favorable  circumstances,  transformed  into  trans- 
versely striated  muscle-substance ;  and  this  occurs  either  by  the  forma- 
tion of  independent  new  muscle-fibres,  or  b}^  union  with  old  muscle- 
fibres  or  muscle-buds.  The  non-continuous  growth  of  muscle  from 
proliferating  muscle-cells  may  be  observed  with  special  frequency  at 
points  where  the  contractile  substance  perishes  while  the  enveloping 
sarcolemma  remains  intact  (as,  for  example,  in  typhoid  fever) .  On  the 
other  hand,  the  budding  process  can  be  seen  best  at  the  ends  of  divided 
muscular  fibres. 

The  buds  springing  from  their  ends  or  from  their  sides  may  form  a 
simple  prolongation  of  the  muscle-fibre,  frequently  deviating  from  its 
original  direction  (/).  Often  there  occur  fibres  split  up  into  two  or 
three  parts  {g),  so  that  the  old  fibres  branch  as  they  pass  into  the  mus- 
cle-scar. As  far  as  we  know,  this  splitting  up  occurs  \qxj  early — often, 
indeed  (a),  before  the  proliferating  muscle-nuclei  have  formed  much 
sarcoplasm — so  that  the  proliferation  appears  first  in  the  products  of 
the  division  of  the  fibres.  As  a  result  of  this  fission,  cicatrices  in  mus- 
cle often  contain  a  larger  number  of  muscle-fibres  than  were  originally 
present  in  the  area  in  question. 

Hypertrophy  of  striated  muscle  takes  place  by  enlargement  of  the 
separate  muscle-fibres,  and  yet  a  proliferation  of  the  fibres  may  also  be 
associated  with  this. 

A  new^  development  of  cardiac  muscle  seems  to  occur  only  to  a  very 
limited  extent.  To  be  sure,  after  injuries  to  the  heart,  nuclear- 
division  figures  may  appear  in  the  muscle-cells.  Nevertheless,  even 
after  a  few  days,  these  can  no  longer  be  demonstrated,  and  the  wound 
heals  with  ordinary  scar-tissue.  Foci  of  degeneration  of  the  cardiac 
muscle  heal  in  the  same  way  by  cicatricial  connective  tissue.  If  the 
heart=muscle  is  for  any  reason  hypertrophied,  this  increase  in  size 
takes  place  by  enlargement  of  the  muscle-cells ;  whether  or  not  a  i)rolif- 
eration  of  the  cells  also  is  present  is  not  yet  positively  known. 

A  new^  formation  of  smooth  muscle  occurs,  as  does  regeneration, 
after  traumatic  or  toxic  and  ischsemic  degeneration.  It  occurs  also  in 
hypertrophic  new  formation  of  muscle-tissue — for  example,  in  tumors — 
and  is  initiated  by  a  mitotic  division  of  the  nuclei  of  the  muscle-cells, 
which  is  followed  by  cell-division.  According  to  both  experimental 
work  and  observations  upon  the  muscle-tissues  of  man,  the  reproduction 
of  the  fibres  is  slight,  while  after  injuries  and  focal  degeneration  it 
ceases  again  after  a  short  period.  Thus,  for  example,  defects  in  the 
muscularis  of  the  stomach  and  intestine  or  of  the  bladder  are  repaired, 
for  the  most  part,  only  by  connective  tissue.  New  muscle-tissue  proba- 
bly arises  only  from  old  muscle-tissue. 
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Hypertrophy  of  the  smooth  muscle=fibres  is  a  x)lieiiomenon  wliicli, 
within  certain  limits,  very  often  occurs.  In  the  gravid  uterus  the  size 
of  the  muscle-cells  reaches  from  five  to  ten  times  the  ordinary.  Of  the 
other  organs,  the  bladder  most  often  shows  a  considerable  hyjjertrophy 
of  its  smooth  muscle. 

§  92.  Regenerative  new^  formation  of  the  nerve=elements  of  the 
central  nervous  system  by  new  formation  of  ganglion=cells,  as  far  as 
is  known,  does  not  occur  in  man  and  mammals  in  post-embryonic  life. 
According  to  the  investigations  of  Stroebe,  on  the  contrary,  divided 
nerve-fibres  (in  mammals)  may  grow  somewhat  lengthwise  by  sprouting  of 
the  axis-cylinder ;  and  this  holds  good  for  the  fibres  of  the  pyramidal 
tract  and  of  the  i^osterior  roots,  both  of  which,  after  being  cut  through, 
grow  out  into  the  cicatricial  tissue  which  develops  at  this  point,  the 

former  in  a  down- 
ward, the  latter  in  an 
u  p  w  a  r  d  direction. 
But  a  complete  restor- 
ation of  the  nerve-tis- 
sue does  not  occur,  and 
a  traumatic  defect  in 
the  spinal  cord  is 
really  rei:)laced  by  con- 
nective tissue,  partly 
by  neuroglia.  It  is  not 
yet  known  whether  the 
loss  of  separate  nerve- 
fibres  of  the  brain  and 
spinal  cord  maj^  un- 
der favorable  circum- 
stances, be  entirely  re- 
stored by  the  growing 
out  of  the  axis-cylin- 
ders— for  instance,  if 
the  supporting  tissue 
be  left  intact. 
Regenerative  and  hypertrophic  grow^ths  of  the  neuroglia  are  phe- 
nomena which  frequently  occur  in  morbid  afi'ections  of  the  nervous  sys- 
tem and  either  follow  close  upon  degenerative  changes  in  the  nervous 
elements  or  upon  destruction  of  the  neuroglia  itself,  or  they  appear 
without  such  antecedents,  and  then  take  their  origin  partly  in  the  period 
of  development. 

The  new  formation  is  introduced  by  a  mitotic  division  of  the  nuclei 
and  bodies  of  the  glia-cells,  eventually  also  of  the  ependyma-ceUs. 

The  new-formed  glia-cells  produce  later  a  great  profusion  of  delicate 
fibrillar^^  processes  (Fig.  163,  a)  and,  just  as  in  normal  tissues  of  the 
central  nervous  system,  so  among  these  cells,  known  as  astrocytes  (or 
Deiter's  cells),  we  may  distinguish  two  varieties,  the  so-called  "mossy 
cells"  (Kurzstraliler),  with  short  branching  processes,  and  the  so-called 
" sjnder  cells''  (Langstrahler),  («)  with  long,  rigid,  less  freely  branching 
processes.  These  cell-processes  form  here  a  looser  and  there  a  denser 
felt-work  of  fine  fibrils  (a,  h),  between  which  are  wedged  the  cells, 
scantily  provided  with  protoplasm.  After  full  development  of  the  tissue 
a  separation  of  these  processes  from  the  cell-bodies  may  occur.  The 
compaction  of  the  tissue  caused  by  the  proliferation  is  designated  sclerosis. 


Fig.  163.— Sclerotic  tissue  from  the  posterior  columns  in  a  case  of 
multiple  sclerosis.  (Müller's  fluid ;  staining  by  Mallory's  method.)  a, 
Glia  cells  with  numerous  processes  seen  in  longitudinal  section  ;  7). 
sclerosed  tissue  with  the  glia  fibres  cut  transversely.  Magnified  500 
diameters. 
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Regenerative  new  formation  of  the  nerve=fibres  of  the  peripheral 
nervous  system  occurs  very  often,  and  is  present  in  all  those  cases  in 
which  the  continuity  of  a  nerve-fibre  is  in- 
terrupted  or  partly  destroyed  by  any  influ- 
ences whatsoever.  For  its  accomplishment, 
however,  it  is  necessary  that  the  ganglion- 
cell  whose  process  forms  the  nerve-fibre  in 
question  be  preserved. 

If  a  nerve  has  been  divided  by  cutting, 
the  axis-cylinders,  as  well  as  the  medullary 
sheaths,  in  the  distal  portion,  undergo  de- 
generation, in  the  course  of  which  the 
sheaths  break  up  into  granular  debris,  which 
is  later  on  absorbed.  During  the  destruc- 
tion of  the  nerve-fibres  the  nuclei  situated 
beneath  the  sheath  of  Schwann  continue  to 
grow  with  the  formation  of  mitoses,  and  form 
cells  rich  in  protoplasm,  which  may  take  up 
into  themselves  the  products  of  the  destruc- 
tion of  the  nerve-fibres. 

Of  the  central  portion  of  the  nerve  only 
the  peripheral  extremity  degenerates,  up  to 
the  next  Ranvier's  node,  or  the  next  but  one. 
The  regeneration  of  the  nerve  begins 
a  few  days  after  the  operation,  in  the 
proximal  portion,  and,  indeed,  according 
to  Ranvier  and  Stroebe,  in  the  very 
neighborhood    of   the   incision;    according 

to  Yanlair,  on  the  contrary,  at  a  distance  of  from  1.5  to  2  cm.  from  it. 
The  first  change  consists  in  a  swelling  of  separate  axis-cylinders  in 

the  peripheral  parts  of  the  nerve-bun- 
dles of  the  central  portion,  which  is 
later  on  followed  by  a  splitting  off  of 
from  ts\"o  to  ß.Ye  or  more  new  axis- 
cylinders.  The  new  axis-cylinders 
arising  from  the  splitting  up  of  the  old 
ones  grow  in  a  longitudinal  direction 
(Fig.  164,  a,  h),  and  form,  within  the 
sheath  of  Schwann,  whole  bundles 
(Fig.  164,  c,  and  Fig.  165,  e)  of  new 
nerve-fibres,  which  for  the  most  part 
fill  the  entire  lumen  of  the  old  nerve- 
tubes,  and,  indeed,  stretch  it,  and, 
more  rarely,  also  inclose  remains  of 
the  old  fibres  (Fig.  165,  /) .  According 
to  Yanlair,  they  may  even  break 
through  the  old  sheath  of  Schwann, 
and  then  either  go  on  further  in  the 
endoneurium,  or  push  through  the 
perineurium  of  the  nerve-bundles  into 
the  epineurium. 

In  this  way  there  are  formed,  on 
the  lower  end  of  the  proximal  portion 
of  the   nerve,  a  large  number  of  new 


Fift.  lt>4.— Old  and  newly  formed 
nerve-fibres,  from  an  amputation 
stump,  in  longitudinal  section.  (Mül- 
lers' fluid ;  staining  by  Weigerfs 
method.)  a,  &,  Old  nerve-fibres,  from 
which  several  young  nerve-fibres  have 
grown;  c,  neurilemma,  with  young 
ner\-e-flbres.    Magnified  200  diameters. 


Fig.  16.5.— Cross-section  of  a  nerve-bundle  of 
the  median  nerve,  just  above  a  wound  made 
four  mMiths  previously.  (Miiller's  fluid;  car- 
mine.) a.  Perineurium;  h.  endoneurium;  c, 
cross-section  of  a  vessel ;  d.  old  unchanged 
nerve-fibre  ;  e,  bundle  of  newly  formed  nerve- 
fibres;  /,  newly  formed  nerves,  with  remains 
of  the  old  fibres  inside  the  same  sheath.  Mag- 
nified 300  diameters. 


252 


REGENERATIVE    NEW   FORMATION   OF    NERVE-ELEMENTS. 


nerve-fibres,  which  originally  consist  only  of  the  newl}-  formed  axis- 
cylinders,  but  immediately  surround  themselves  with  a  medullar}-  sheath 
which,  by  reason  of  the  irregularity  of  its  development,  gives  to  the 
nerve-fibres  a  varicose  appearance  (Fig.  164,  c).  Later,  the  fibres  ac- 
quire a  neurilemma  sheath — that  is  to  say,  a  connective-tissue  shell, 
which  probably  is  formed  from  the  nerve-corpuscles  concerned  in  the 
growth. 

If  a  nerve  is  entirely  sev^ered  and  there  is  no  possibility  of  a  union 
of  its  cut  ends — as,  for  example,  occurs  in  all  amputations  of  extremities 

— then  there  is  develoj)ed  in  the  region 
of  the  cut  end  a  germ-tissue  springing 
from  the  connective  tissue  of  the  nerve, 
which  later  on  changes  into  connective 
tissue.  Originally  free  from  nerves,  this 
connective  tissue  becomes  traversed  by 
young  nerves  which  grow  out  from  the 
nerve-stump,  and  which,  arranged  in 
small  bundles,  or  scattered,  grow  into  the 
cicatricial  tissue  and  pierce  it  in  every 
direction  (Fig.  166).  Often  the  growth 
of  nerves  is  so  extensive  that  knob-like 
or  clubbed  swellings  — known  as  amputa- 
tion neuromata — arise  on  the  ends  of  the 
nerves  (Fig.  166,  b). 

If  a  nerve  is  divided,  but,  after  the 
division,  has  been  again  united,  or  if  the 
division  has  been  incomplete,  the  nerve- 
fibres  which  grow  out  from  the  proximal 
portion,  piercing  through  the  connective 
tissue  which  is  formed  in  the  neighbor- 
hood of  the  wound,  may  in  part,  or  all, 
find  their  way  into  the  peripheral  portion, 
where,  in  the  mean  while,  the  nerve-fibres 
have  perished.  Their  penetration  into 
this  peripheral  portion  gives  back  to  it,  at 
least  in  some  measure,  its  supply  of  nerves. 
According  to  the  investigations  of 
Yanlair,  the  growth  of  a  nerve  in  process 
of  regeneration  amounts  to  0.2-1.0  mm. 
per  day,  according  to  the  nature  of  the 
tissue  in  which  it  lies.  Single  young 
nerve-fibres  may  burrow  into  the  old 
empty  sheaths  of  Schwann,  but  the  ma- 
jority of  them  press  into  the  epineurium 
and  perineurium,  and  in  this  situation 
Separate  fibres  also  pass  by  the  ends  of 
the  nerves,  and  grow  toward  the  periphery  either  along  the  old  nerves, 
or  by  an  independent  route  of  their  own.  Finally,  many  fibres  which 
have  left  the  old  route  are  lost  in  the  tissues.  In  the  lower  half  of  the 
intermediate  portion  the  nerve-strands  have  already  begun  to  separate 
into  bundles  again,  and,  with  the  formation  of  a  perineurium  about  the 
latter,  the  regenerated  nerve  may  take  on  more  and  more  the  structure 
of  a  normal  nerve. 

The  above-described  process  of  regeneration  requires  for  its  accom- 


¥iG.  166.— Amputation  neuroma  of  sci- 
atic nerve  in  longitudinal  section  (ampu- 
tation of  the  nerve  nine  years  before). 
(Müller's  fluid.)  a.  Nerve ;  b,  neuroma. 
Magnified  3  diameters. 
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plishment  weeks  or  even  months,  and  sometimes  is  not  complete  even 
after  several  months. 

The  question  of  the  regeneration  of  the  nervous  elements  of  the  central 
nervous  system  is  still  under  discussion.  We  may  accept,  as  generally  conceded, 
that  in  cold-blooded  animals,  reptiles,  and  tailed  amphibia,  a  regenerative  new  formation 
of  portions  of  the  central  nervous  system  can  take  place.  In  vs^arm-blooded  animals, 
especially  in  mammals,  most  experiments  have  failed  to  demonstrate  a  new  formation  of 
ganglion-cells.  V.ery  recently  Tedeschi,  Vitzon,  and  others  have  asserted  that  they  have 
observed,  after  a  variety  of  injuries,  along  with  new  formation  of  glia-cells,  a  simul- 
taneous new  formation  of  ganglion-cells  and  of  nerve-fibres.  Relying  upon  investiga- 
tions which  Tschistowitsch  has  pursued  in  my  laboratory,  I  regard  these  assertions  as 
erroneous. 

In  the  ganglion-cells  of  the  sympathetic,  Monti  and  Fieschi  could  demonstrate  no 
traces  of  regeneration  after  injuries.  Tirelli  found  nothing  but  retrogressive  changes  in 
the  ganglion-cells,  after  injuries  of  the  intervertebral  ganglia. 

The  new  formation  of  peripheral  nerve=fibres  is  a  fact  coming  under  extremely 
frequent  observation,  and  the  steps  of  the  new  formation,  described  above,  have,  for  the 
most  part,  been  very  precisely  ascertained.  Authors,  nevertheless,  make  very  varied 
assertions  in  this  regard. 

Waller,  Schiff,  Rindfleisch,  Cornil,  Ranvier,  Eichhorst,  Vanlair,  Stroebe,  and  others 
believe  that  it  occurs  through  a  longitudinal  fission  of,  and  an  outgrowth  from  the  old 
axis-cylinders  of  the  central  portion.  According  to  Philippeaux,  Vulpian,  Remak, 
Dobbert,  Daszkiewicz,  and  others,  the  new  fibres  originate  in  the  peripheral  end,  and, 
indeed,  according  to  Leegard,  from  the  nuclei  of  the  neurilemma  ;  according  to  Remak, 
by  longitudinal  division  of  the  old  axis-cylinders  that  have  remained  intact ;  according 
to  Daszkiewicz,  from  the  remains  of  the  old  axis-cylinders  broken  up  transversely  ;  ac- 
cording to  Neumann  and  Dobbert,  from  a  protoplasmic  mass  which  has  developed  in 
advance  by  a  chemical  metamorphosis  of  the  medulla  and  the  axis-cylinder.  Accord- 
ing to  Cattani,  new  axis-cylinders  develop  in  degenerated  nerves  in  the  interior  of  a 
nucleated  protoplasmic  mass  which,  in  the  degenerated  fibres,  fills  the  sheath  of  Schwann. 
Nassee,  Günther,  Schön,  and  Steinbrück  claim  that  the  axis-cylinders  originate  from 
the  old  fibres  of  both  ends  ;  Lent,  Einsiedel,  Weir  Mitchell,  Beneke,  Gluck,  and  von 
Büngner,  that  they  come  from  the  imclei  of  the  sheaths  of  Schwann  of  both  portions ; 
while,  according  to  Laveran  and  Herz,  they  spring  from  white  blood-corpuscles  ;  finally, 
Hjelt  and  Wolberg  think  they  arise  from  the  cells  of  the  perineurium. 

The  regenerative  new  formation  of  the  tissues  of  the  organs  of  special 
sense  has  been  only  partially  and  inadequately  investigated.  According  to  Baquis,  in 
the  injured  retina  of  rabbits,  both  ganglion-cells  and  neuro-epithelial  cells  undergo 
division..  According  to  Wolff  and  Müller,  in  salamanders,  the  crystalline  lens,  after 
extirpation,  is  regenerated  from  the  epithelium  of  the  iris.  According  to  Gonin,  after 
its  partial  extirpation  in  rabbits,  it  is  regenerated  from  the  epithelial  lenticular  fibres 
of  the  residue  (stump),  but  never  reaches  its  original  size.  After  total  extirpation,  no 
regeneration  occurs. 

in.  rietaplasia  of  the  Tissues. 

§  93.  By  metaplasia  of  a  tissue  is  understood  a  process  by  which 
an  already  completely  formed  tissue  is  transformed  into  another  \Y\i\ioui  a 
cellular  intermediate  stage — that  is,  an  embryonic  tissue  or  formative 
tissue.  Such  a  transformation  occurs  only  in  structures  that  are  closely 
related  to  one  another,  especially,  therefore,  in  the  connective  tissues. 
In  this  group,  under  pathological  conditions,  all  the  forms  may  be  trans- 
formed one  into  another  without  the  appearance  of  any  intermediate 
growth — a  phenomenon  which  is  not  startling,  for,  indeed,  it  occurs 
normally.  If  mucous  tissue  is  changed  to  adipose,  then  the  star-shaped 
tissue-cells  change  to  round  adipose  cells  by  taking  up  fat,  while  the 
mucous  basement  substance  disappears.  In  the  same  way,  lymph- 
adenoid  tissue,  after  disappearance  of  the  lymphatic  elements,  may 
change  to  adipose  tissue  by  the  taking  up  of  fat  in  the  cells  of  the  retic- 
ulum. The  cellular  and  gelatinous  bone-marrow  also  behaves  in  the 
same  way. 
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By  disappearance  of  the  fat,  adipose  tissue  may  take  on  the  ajjpear- 
ance  of  mucous  tissue,  and  at  times,  also,  may  contain  nuclei.  If  the 
basement  substance  of  hyaline  cartilage  becomes  fluid,  so  as  to  form  a 
mucilaginous  jelly,  or  if  it  becomes  completely  dissolved,  then  the 
cartilage-cells  (Fig.  167,  a)  set  free  in  this  way  change  to  stellate  cells 
anastomosing  with  one  another  (c,  6),  so  that  a  tissue  is  formed  which 
corresponds  in  its  structure  to  mucoid  tissue  or  to  the  reticular  tissue 
of  bone- marrow.  By  taking  up  of  fat  the  latter  may  become  adipose 
tissue ;  by  storing  up  of  round  cells  in  its  meshes  it  becomes  cellular 
marrow-tissue.  If  the  basement  substance  of  hyaline  cartilage  becomes 
fibrous,  and  if  it  changes  at  once  to  a  glue-producing  material,  then 
connective-tissue  cartilage  is  produced.  If  the  cartilage-cells  lose  their 
characteristic  nature,  and  if  they  become  flat  connective-tissue  cells, 
then  the  cartilage  changes  into  ordinary  connective  tissue. 

If  portions  of  the  cartilage  change  to  medullary  tissue,  then  other 
parts  of  it  ma^^  at  the  same  time  be  transformed  into  bone,  in  which 
case  the  basement  substance  is  changed  into  a  gelatinous  material  and 
impregnated  with  lime-salts,  while  the  cartilage-cells  are  transformed 
into  bone-cells,  in  the  neighlDorhood  of  which  the  basement  substance 
of  the  bone  forms  the  bone-corpuscles.  If  connective  tissue  changes 
directly  into  bone  (Fig.  168),  then  in  the  first  place  a  condensation  of 
the  basement  substance  {h)  takes  place,  and  later  on  a  storing  up  of 
lime  (c),  in  the  course  of  which  the  connective-tissue  cells  (c/)  come  to 
lie  in  indented  spaces  or  bone-corpuscles  and  become  bone-cells  (cl^). 

If  connective  tissue  is  to  be  transformed  into  mucous  tissue,  then 
the  fibrillae  disappear,  and   there  appears  in  their  place  a  gelatinous 


Fig.  167.— Metaplasia  of  cartilage  into  reticular  tissue,  in  arthritis  funqrosa.  (Alcohol ;  hasraatoxylin.)  a. 
Hyaline  cartilage ;  ö,  tissue  consisting  of  branching  cells  ;  c,  cartilage-cells  set  free  by  solution  (rf  the  carti- 
lage basement  substance  and  passing  over  into  mucous-tissue  cells.    Magnified  400  diameters. 


mucus.  If  numerous  lymphatic  round  cells  establish  themselves  in  a 
fibrillated  connective  tissue,  and  if  at  the  same  time  a  breaking  up  or  a 
disappearance  of  the  connective-tissue  fibres  takes  place,  while  the 
connective-tissue  cells  persist,  and  unite  to  form  a  recticular  tissue  by 
the  development  of  processes,  then  in  this  case  a  lymphadenoid  tissue 
may  be  developed  from  it. 
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Metaplasia  of  connective  tissue  is  to  be  distinguished  not  only  from 
simple  degeneration,  bnt  also  from  the  processes  of  growth.  From  the 
former  no  new  tissue  arises,  but  the  old  tissue  perishes.  In  the  latter 
it  is  a  question  of  a  new  tissue,  rich  in  cells,  and  taking  its  origin  in 
cell-division.  Metaplasia  stands,  in  a  certain  sense,  midway  between 
the  two.     A  new  tissue,  to  be  sure,  _^ 

is  formed,   but    cell-growth    is  not 
present,  or  at  least  is  a  minor  matter. 

In  many  ways  the  process  is  al- 
lied to  the  retrogressive  changes; 
for  example,  the  change  into  mucous 
tissue  is  a  process  very  similar  to 
mucous  degeneration.  Moreover, 
the  new  tissue  is  not  infrequently 
a  perishable  one.  On  the  other 
hand,  one  often  enough  observes 
developmental  processes  following 
upon  metaplasia.  Sometimes  the 
condition  of  the  blood-vessels  has 
the  greatest  influence  upon  the  sub- 
sequent course    of   events,   since   a 

good  vascular  supjjly  for  the  tissue  suffering  metaplasia  favors  a  fur- 
ther development  of  it,  while  its  absence,  on  the  contrary,  encourages 
retrograde  metamorphosis. 

In  mucous  membranes  the  seat  of  chronic  inflammation — for  exam- 
ple, of  the  uterus  and  the  respiratory  tract — it  not  rarely  happens  that 
the  cylindrical  epithelium  in  places  changes  to  pavement  epithelium,  a 
phenomenon  which  is  knovsTi  as  epithelial  metaplasia.  The  transforma- 
tion takes  place  in  this  way :  the  regenerating  epithelium  changes  its, 
character  after  repeated  loss  of  the  original  epithelium.  In  the  strati- 
fied pavement  epithelium  of  a  mucous  membrane,  moreover,  a  lirjrny 
degeneration  of  the  upper  layer  of  cells  may  take  place,  and,  indeed,  not. 
only  in  situations  which  normally  possess  pavement  epithelium — for 
example,  in  the  urinary  passages — but  also  in  those  in  which  it  has  de- 
veloped pathologicallv,  as  in  the  nose  and  uterus. 
15  ^ 


Fig.  1Ö8.— Bone-fonnation  from  connective  tis- 
sue. Cross-sec-tion  through  a  bone-trabe<;-ula  in 
process  of  formation  from  an  ossifying  fibroma  of 
the  periosteum  of  the  upper  jaw."  (Alcohol :  he- 
matoxylin.) a.  Connective  tissue:  fe.  thickened 
tissue,  forming  the  groundwork  of  the  new  hone ; 
c.  lime-deposit;  d.  connective-tissue  cells;  dj, 
bone-corpuscles,    Magnified  'M'  diameters. 


CHAPTER  VI. 

Inflammation  and  the  Associated  Processes  of 

Repair. 

I.  Acute  Inflammation  and  its  Various  Forms. 

§  94.  Inflammation  is  essentially  a  local  tissue-degeneration  com- 
bined with  pathological  exudations  from  the  blood=vessels,  caused  by 
some  injurious  agency,  and  with  these  pathological  changes  are  asso- 
ciated, sometimes  earlier,  sometimes  later,  tissue=proliferations  leading 
to  regeneration  or  to  hypertrophy. 

In  acute  inflammation  the  exudation  is  generally  associated  with  a 
pronounced  hypersemia,  which  begins  even  before  the  exudation,  and 
introduces  it.  As  a  result  of  the  combination  of  hyperaemia  and  exuda- 
tion, the  inflamed  tissue  is  reddened  and  swollen.  If  it  is  situated  on 
the  surface  of  the  body,  where  the  tissues  are  cool,  the  increased  supply 
of  warm  blood  from  the  deeper  parts  produces  local  increase  of  temper- 
ature. If  the  tissue  contains  sensory  nerves,  the  sensation  of  pain  sets 
in  at  the  same  time  with  the  changed  conditions  in  the  inflamed  area. 

Redness,  swelling,  increased  heat,  and  painf ulness  of  the  inflamed 
tissue  are  phenomena  which  even  in  antiquity  the  physicians  regarded 
as  signs  of  inflammation;  and  rubor,  tumor,  calor,  and  dolor  were  des- 
ignated by  Celsus,  at  the  beginning  of  our  era,  as  the  cardinal  symp= 
toms  of  inflammation.  To  the  four  was  then  added  a  still  further 
symptom^functio  laesa,  altered  function  of  the  inflamed  tissue. 

The  causes  of  inflammation  may  be  attributed  to  mechanical,  ther- 
mal, electrical,  or  chemical  actions,  and  also  to  the  influence  of  parasites. 
It  is  a  common  characteristic  of  all  thti>ö  injurious  agencies  to  produce 
at  first  a  local  tissue-degeneration,  ichich  in  a  certain  degree  of  extent  and 
of  intensity  is  associated  ivith  disturbances  of  the  circulation  and  of  the  vas- 
cular secretion.  The  causes  of  inflammation  are  not  specific  injurious 
agencies;  but,  rather,  every  injurious  agency  may  produce  inflamma- 
tion, if,  on  the  one  hand,  its  action  is  sufficiently  intense  to  induce  cer- 
tain disturbances  of  circulation  with  tissue-degeneration,  while  at  the 
same  time  it  does  not  act  strongly  enough  to  destroy  the  tissue  and  stop 
the  circulation. 

Most  causes  of  inflammation  reach  the  human  organism  from  the 
outside,  but  excitants  of  inflammation  may  also  be  formed  in  the  interior 
of  the  body.  Ba^^teria  which  have  penetrated  into  the  tissues  very 
often  produce  at  first — either  within  their  own  protoplasm  or  from  sub- 
stances which  are  present  in  the  body — products  whose  action  induces 
inflammation.  Then,  moreover,  substances  that  excite  inflammation 
can  develop  in  the  organism  even  without  the  aid  of  parasites ;  for  ex- 
ample, if  tissues  die  in  large  masses  from  any  cause — e.g.,  as  a  result 
of  ischsemia — or  if,  in  consequence  of  disturbances  of  the  processes  of 
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assimilation  (gout),  abnormal  products  of  metabolism  are  deposited  in 
tiie  tissues. 

The  exciters  of  inflammation  can  act  upon  the  tissues  both  from  the 
external  parts  of  the  body  and  from  the  lymphatics  and  the  blood, 
and  one  can  accordingly  distinguish  ectogenous,  lymphogenous,  and 
haematogenous  inflammations.  Through  the  extension  of  inflamma- 
tions to  the  neighboring  regions  there  arise  inflammations  by  continu= 
ity ;  the  transfer  of  the  producer  of  inflammation  from  a  focus  of  in- 
flammation through  the  lymph-  or  blood-stream  leads  to  metastatic 
inflammations.  If  noxious  substances  are  discharged  by  the  excretory 
organs,  excretory  inflammations  may  arise. 

When  a  local  injury  to  tissues  has  reached  such  a  degree  as  to  pro- 
duce the  exudation  characteristic  of  inflammation,  there  is  usually  pres- 
ent a  congestive  hyperasmia,  on  account  of  which  the  blood  flows  with 
increased  quickness  through  the  dilated  channel.  After  a  short  time 
there  occurs,  however,  on  the  other  hand,  a  lessening  of  the  speed  of  the 
circulation,  which  ends  in  a  slowing  of  the  blood=current. 

The  first  disturbances  of  the  circulation,  which  find  their  expression 
in  the  congestive  hypersemia,  can  be  due  either  to  an  irritation  or  a 
paralysis  of  the  vaso-motor  nervous  system,  or  to  a  direct  action  on  the 
walls  of  the  vessels,  particularly  those  of  the  arteries,  which  has  as  a 
result  a  dilatation  of  the  channel.  Although  these  very  often  precede 
the  inflammatory  exudations,  they  still  form  no  essential  characteristic 
of  inflammation,  but  occur  very  often  when  an  inflammatory  exudate 
does  not  follow  them.  The  circulatory  disturbance  characteristic  of  in- 
flammation is  shown  only  when  the  slov/ing  of  the  bIood=current  and 
the  pathological  exudation  from  the  vessels  set  in.  The  slowing  of  the 
blood-stream  in  the  widened  channel  and  the  pathological  exudation  are 
caused  by  a  modification  of  structure,  an  alteration  of  the  vascular 
walls,  evidences  of  which  are  shown  in  the  lasting  dilatation  of  the  ves- 
sels, in  an  increase  of  the  adhesion  of  the  blood  to  their  walls,  in  an  in- 
crease of  resistance  from  friction,  and  lastly  in  an  increased  permeability  of 
the  vascularivalls.  In  the  capillaries  the  lasting  dilatation  is  chiefly  the 
result  of  relaxation  of  the  connective  tissue  surrounding  them,  while  the 
thinness  of  the  capillary  walls  makes  this  tissue  bear  a  great  part  of  the 
pressure  upon  them. 

The  tissue=lesion  which  k^is  to  the  phenomena  of  inflammatory 
disturbance  of  circulation  and  exudation  affects  generally  all  parts  of 
the  tissue,  but  may,  under  certain  conditions,  be  confined  to  the  vascu- 
lar walls,  particularly  when  it  is  a  case  of  hsematogenous  inflammation, 
in  which  the  injurious  agency  acts  from  the  blood.  However,  the  tissue 
in  the  region  adjoining  the  capillaries  must  soon  become  involved  in 
associated  suffering.  The  tissue-changes  which  are  established  by  the 
excitants  of  inflammation  are  sometimes  only  transient,  and  not  easily, 
or  not  at  all,  recognizable  even  by  microscopical  examination ;  at  other 
times  they  are  serious,  so  that  they  can  be  easily  recognized  even  by 
macroscopic  inspection.  The  latter  is  particularly  the  case  when  a 
considerable  time  has  passed  since  the  occurrence  of  the  damage.  In 
the  subsequent  progress  there  are  often  added  to  the  lesions  established 
by  the  causes  of  inflammation,  other  tissue-changes,  which  are  produced 
by  the  inflammatory  disturbances  of  circulation  and  by  the  collection  of 
exudate  in  the  tissues. 

If  in  any  tissue  the  cause  of  inflammation  has  led  to  that  alteration 
of  the  vessels  which  is  the  requisite  antecedent  of  the  inflammatory  dis- 
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turbance  of  secretion — i.e.,  the  formation  of  inflammatory  exudate, — and 
if  as  a  result  of  this  there  is  already  evident  a  slowing  of  the  blood- 
current,  the  circulation  in  the  capillaries  is  performed  in  an  irregular 
way,  and  there  is  here  and  there  stagnation,  or  transient  or  i^ermanent 
cessation  of  flow.  Since,  in  this  event,  the  colorless  blood-cells  often 
remain  attached  to  the  walls,  while  the  red  blood-corpuscles  are  carried 
on,  there  occurs  in  the  capillaries  a  more  or  less  marked  increase  of 
the  colorless  blood=corpuscles  as  compared  to  the  red.  In  the  veins, 
in  which  one  can  distinguish  in  the  normal  circulation  an  axial  red 
stream  and  a  cell-less  plasmatic  peripheral  zone,  more  or  less  numerous 
leucocytes  pass  over  into  the  peripheral  plasmatic  zone  when  there  is 
a  certain  degree  of  slowing  of  the  circulation.  Still  greater  slowing  of 
the  circulation  results  in  the  passing  over  of  blood-plates  and  of  red 
blood-corpuscles  into  the  peripheral  plasmatic  zone,  and  finally  the  dif- 
ference between  the  axial  stream  and  peripheral  zone  may  be  entirely 
lost. 

When  leucocytes  have  passed  over  into  the  peripheral  zone  they 
either  roll  along  further  or  attach  themselves  to  the  vein-wall,  either  to 
roll  on  again  further  after  a  time  or  to  remain  permanently  attached. 
If  this  occurrence  leads  to  a  marked  accumulation  of  leucocytes  along 
the  walls  of  the  veins,  the  appearance  is  called  marginal  disposition  of 
the  colorless  corpuscles  (Fig.  169,  cl). 

Related  to  the  accumulation  of  leucocytes  in  the  capillaries  and  to 
the  marginal  disi)osition  in  the  veins  is  the  emigration  of  tlie  leucocytes 
from  the  vessels  involved  (Fig.  169,  d,  e),  and  there  occurs  simultane- 
ously a  pouring  out  of  fluid  from  the  vessels. 

The  emigration  of  the  colorless  blood=corpuscles  is  an  active  proc- 
ess, which  is  accomplished  by  the  amoeboid  movement  of  the  cells,  and 
it  also  occurs  independently  under  normal  conditions.  The  cause  of 
the  enormous  outpouring,  as  it  is  observed  in  inflammations,  is  doubt- 
less a  change  in  the  vessel-walls,  which  is  favored  b^^  the  circumstance 
that  the  leucocytes  attach  themselves  to  these  walls  and  also  pass 
through  them.  According  to  the  researches  of  Arnold,  Thoma,  and 
others,  the  places  where  the  wandering  out  occurs  are  the  cement  lines 
between  the  endothelial  cells,  and  in  the  inflammatory  vascular  altera- 
tion a  partial  widening  of  these  spots  occurs.  The  emigration  is  accom- 
plished in  such  a  manner  that  the  leucoc^^te  first  sends  a  process 
through  the  vessel-wall  and  then  follow^s  after  the  process  with  the  rest 
of  the  cell-body,  until  finally  the  whole  mass  lies  outside  of  the  vessel. 
Arrived  here,  the  leucocytes  may  remain  stationary  at  first,  but  gener- 
ally they  wander  further,  when  the  direction  of  the  excursion  is  generally 
settled  by  Chemotaxis — i.e.,  the  attraction  or  repulsion  due  to  chemical 
substances  present  in  solution  in  the  tissue-juices.  Possibly  chemotactic 
influences  sometimes  exert  an  influence  both  on  the  leucocytes  situated 
at  the  periphery  and  on  those  which  are  at  a  standstill  in  the  capillaries. 
The  leucocytes  that  have  migrated  from  the  vessels  are  chiefly  poly- 
nuclear  forms  that  make  up  about  seventy  per  cent,  of  the  colorless  cor- 
puscles in  the  blood.     Their  number  varies  greatl}^ 

The  pouring  out  of  the  fluid  exudate,  whose  composition  always 
varies  more  or  less  from  that  of  the  normal  tissue-lymph  and  is  distin- 
guished by  a  relatively  high  proportion  of  albumin,  is  a  process  which  is 
also  to  be  referred  to  an  alteration  of  the  vessel-ivalls,  in  consequence  of 
which  the  secretory  function  of  the  latter  suffers  a  disturbance.  It  takes 
place  simultaneously  with  the  migration  of  leucocytes ;  it  may  also,  how- 
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ever,  begin  even  before  this  occurrence,  or  it  may  take  place  in  cases  in 
which  emigration  of  leucocytes  is  lacking  or  remains  within  very  narrow 
limits.  The  composition  of  the  exudate  is  dependent  in  every  case  partly 
on  the  peculiar  property  of  the  vessels  affected — which  always  varies 
according  to  the  formation  of  the  tissue  to  which  they  belong, — partly 
on  the  degree  of  vascular  alteration ;  and  it  is  to  be  assumed  that  the 
quantity  of  albumin  is  larger  the  more  the  vascular  wall  is  injured.  If 
the  extravasated  fluid  contains  fibrinogenous  substances  and  fibrin- 
ferment,  and  if,  on  the  other  side,  no  influences  opposed  to  such  a 
change  are  acting,  coagulation — i.e.,  a  separation  of  the  fibrin — may 
occur  in  the  exudate. 

If  the  alteration  of  the  vessels  is  of  a  very  high  degree,  or  if  at  the 
same  time  the  stasis  is  pronounced,  red  blood=corpuscles  may  emerge 


Fig.  169.— Inflamed  human  mesentery.  (Osmlc-acid  preparation.)  a,  Normal  trabecnla  of  mesentery; 
fc,  normal  eplthellmn  ;  c,  small  artery ;  cZ,  vein  with  peripheral  colorless  blood-corpuscles ;  e,  colorless  blood- 
corpuscles,  emigrated  or  emigrating;  /,  desquamated  epithelium ;  /i,  polynuclear  cell ;  g,  extravasated  red 
blood-corpuscles.    Magnified  180  diameters. 


from  the  vessels  along  with  the  fluid,  either  by  diapedesis  or  by  rhexis. 
The  diapedesis  takes  place,  according  to  Thoma  and  Engelmann,  espe- 
cially at  the  places  where  leucocytes  have  previously  passed  through  the 
wall  of  the  vessel,  and  the  escape  of  red  blood-corpuscles  by  the  same 
route  may  follow  very  quickly.  Since  the  red  blood-corpuscles  are  not 
motile,  their  escape  must  be  regarded  as  a  passive  process  which  is 
performed  under  the  influence  of  pressure  within  the  capillaries. 

The  escape  of  blöod=plates  into  the  exudate  can  occur  both  in  exu- 
dates which  are  rich  and  in  those  which  are  poor  in  cells,  but  occurs 
principally  in  exudates  that  are  distinguished  by  their  rich  proportion 
of  fibrin  and  red  blood-corpuscles. 

The  clinical  significance  of  the  term  inflammation  (phlogosis)  has,  on  the  whole, 
changed  little  in  the  course  of  time,  since  the  cardinal  symptoms  of  inflammation 
brought  forward  by  Celsns,  and  accepted  by  Galen,  are  recognized  as  such  at  the  present 
day.     Just  so  much  the  more  do  the  views  differ  about  the  differentiation  of  the  essential 
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from  the  accidental  in  the  symptom-complex  of  inflammation,  and  about  the  accurate 
determination  of  its  real  nature.  A  comparison  of  the  expressions  concerning  these 
points  on  the  part  of  recent  authors  (Vircliow,  von  Recklinghausen,  Cohnheim,  Samuel, 
Thoma,  Neumann,  Strieker,  Heitzmann,  Grawitz,  Leber,  Metschnikoff,  and  others) 
shows  that  no  single  one  defines  inflammation  in  the  same  way  as  any  other,  or  judges 
in  exactly  the  same  way  the  individual  phenomena  of  inflammation.  The  definition 
which  I  have  given  above  can  accordingly  not  lay  claim  to  universal  recognition  ;  yet 
since  it  was  first  advanced  '  it  has  received  the  approval  of  a  number  of  highly  esteemed 
pathologists. 

Formerly  it  was  believed  that  one  should  discern  inhyperaemia  the  most  essential 
symptom  of  inflammation.  Rokitansky  maintained  that  every  inflammation  was  char- 
acterized by  a  dilatation  of  the  capillary  vessels,  slowing  of  the  blood-stream,  and 
stasis,  which  was  caused  by  a  thickening  of  the  blood  through  the  effusion  of  serum, 
and  by  an  adhesion  of  the  red  blood-corpuscles  one  to  another.  Henle,  Stilling,  and 
Rokitansky  attributed  the  dilatation  of  the  vessels  and  the  slowing  of  the  blood-stream 
to  a  paralysis  of  the  vessel-nerves,  the  cause  of  which,  according  to  Henle  and  Roki- 
tansky, is  an  increased  excitement  of  the  sensory  nerves  ;  while  according  to  Stilling, 
the  cause  is  a  paralysis  of  these  nerves  induced  by  the  inflammatory  irritant.  Eisen- 
mann, Heine,  and  Brücke  sought  to  attribute  the  disturbances  of  the  circulation  to  a 
primary  spasm  of  the  vessels,  which  is  brought  about  by  irritation  of  sensory  nerves, 
and  which  produces,  behind  the  contracted  places,  slowing  of  the  current,  irregular  cir- 
culation, and  finally  even  stasis.  Vogel,  Emmert,  Paget,  and  others,  on  the  other  hand, 
attributed  the  dilatation  of  the  vessels  and  the  stasis  to  an  abnormal  attraction  of  the 
tissues  for  the  blood.  In  opposition  to  these  opinions,  however,  one  must  maintain 
that  all  the  changes  of  circulation  produced  by  contractions  and  paralysis  of  the  vessels 
certainly  precede  or  accompany  the  inflammatory — i.e.,  the  circulatoiy — disturbances 
which  lead  to  the  formation  of  exudate,  and  may  have  a  modifying  influence  on  the 
course  of  the  inflammation,  but  that  they  do  not  belong  to  the  essence  of  inflammation, 
and  therefore  may  either  be  lacking  or  be  present  in  it,  without  the  accompaniment  of 
inflammatory  exudate. 

Rokitansky  sought  to  explain  the  pouring  out  of  fluid  from  the  vessels  in  inflam- 
mation by  the  assumption  that  with  the  dilatation  of  the  vessels  there  occurred  also  a 
thinning  and  an  increased  permeability  of  the  vascular  wall.  Vogel,  C.  Emmert.  and 
Paget,  on  the  other  hand,  made  this  phenomenon  also  dependent  on  an  increased  attrac- 
tion between  the  blood  and  tissue  parenchyma  or  juices.  Virchow,  however,  believed 
(1854)  that  a  part  of  the  exudate — that  which  collects  in  the  tissue-crevices  and  is 
poured  out  on  the  free  surfaces  of  the  body — is  the  result  of  mechanical  pressure  in 
the  vessels — i.e.,  is  pressed-out  blood-serum;  while  a  part,  which  is  chiefly  derived 
from  the  "irritated"  cells,  is  to  be  considered  as  the  product  of  an  increased  attraction 
on  the  part  of  the  tissues  for  the  blood-constituents.  Of  the  cells  that  collect  in  the 
inflamed  region,  he  believed  that  all  originate  from  a  proliferation  of  the  ti.ssue-cells 
occurring  in  consequence  of  the  action  of  the  inflammatory  irritant. 

The  recognition  that  the  formation  of  exudate  is  to  be  referred  to  an  injury  to  the 
vessel-walls  we  owe  chiefly  to  Cohnheim,  whose  researches  in  various  directions  were 
completed  by  Samuel,  Arnold,  Thoma,  Binz,  and  others.  Cohnheim  also  showed  that 
in  inflammation  the  colorless  corpuscles  emigi'ate  and  form  an  essential  constituent  of 
the  inflammatory  exudate. 

Dutrochet^  and  Waller  ^  already  in  the  years  1842  and  1846  had  described  the  escape 
of  colorless  corpuscles  from  the  circulating  blood.  The  observation,  however,  fell  into 
complete  oblivion  till  Cohnheim  rediscovered  the  occurrence  in  1867. 

As  follows  from  the  researches  of  Schklarewsky,-*  the  peripheral  disposition  of  the 
colorless  blood-corpuscles  in  the  veins  is  a  purely  physical  phenomenon.  If  one  makes 
liquid,  in  which  finely  pulverized  substances  of  varying  specific  gravity  are  suspended, 
flow  in  tubes,  at  a  certain  degree  of  retardation  of  the  current  the  specifically  lighter 
bodies  pass  over  to  the  peripheral  zone ;  and  when  the  rate  becomes  still  slower,  the 
heavier  bodies  also  enter  this  zone. 

For  the  emigi^ation  of  the  colorless  corpuscles  to  occur,  it  is  necessary,  according 
to  the  researches  of  Binz,  Thoma,  and  Lavdowsky,  that  they  be  capable  of  motion  and 
of  adhering  to  the  vessel-wall.  According  to  these  authorities,  therefore,  the  emigi'a- 
tion  of  the  colorless  blood-cells  is  not  a  purely  passive,  but  at  least  in  part  an  active 

iCf.  Ziegler,  "  Historisches  und  Kritisches  liber  die  Lehre  von  der  Entzündung," 
Beitr.  v.  Ziegler,  xii.,  1892. 

2 "Rech,  anatomiques  et  physiologiques  sur  la  structure  interne  des  animatix  et  des 
v^götaux  et  sur  leur  motility,"  Paris,  1842,  p.  214. 

^Philosoph.  Magaz.,  xxix.,  1846,  pp.  271,  398. 

^Pflüger^s  Arch.,  1.  Bd. 
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process.  If  one  reduces  the  motility  of  the  colorless  corpuscles  by  irrigation  of  tlje 
mesentery  with  a  1.5  per  cent,  solution  of  salt  (Thoma),  or  if  one  lowers  their  yital 
activity  with  quinine  or  iodoform  (Binz,  Appert,  Kerner),  the  emigration  is  also  inhib- 
ited. Pekelharing,  on  the  other  hand,  believes  that  one  should  accept  the  view  that 
quinine,  oil  of  eucalyptus,  and  salicylic  acid  produce  a  narrowing  of  the  veins,  restrict 
the  increase  of  permeability  of  their  walls,  and  thus  reduce  the  extravasation  of  color- 
less corpuscles ;  a  view  which  is  rejected,  however,  by  Disselhorst,  who  observed  a 
dilatation  of  the  veins  after  irrigation  of  the  tissues  with  quinine,  carbolic  acid, 
salicylic  acid,  and  sublimate.  As  there  occurs  in  this  case  a  retardation  of  the  current 
after  a  transient  acceleration,  without  the  emigration  of  the  leucocytes  that  pass  out 
into  the  peripheral  zone  ;  and  as,  on  the  other  hand,  leucocytes  from  blood-vessels  that 
have  been  irrigated  for  an  hour  with  quinine  are  still  of  complete  vitality  (Eberth). 
Disselhorst  is  of  the  opinion  that  the  drugs  mentioned  so  change  the  inflamed  vessel-wall 
that  an  accumulation  of  the  moving  leucocytes  either  cannot  occur  at  all,  or  can  do  so 
only  with  difficulty. 

Very  probably  a  lesion  of  the  vascular  wall  is  not  absolutely  necessary  for  the  emi- 
gration of  leucocytes  (Thoma).  Since  vaso-motor  disturbances  of  the  circulation  can 
produce  migration  (von  Recklinghausen,  Thoma),  a  slowing  of  the  blood-stream,  the 
ability  of  the  colorless  corpuscles  to  perform  amoeboid  movements  and  to  adhere  to  the 
wall  of  the  vessel,  and  their  disposition  to  remain  in  the  peripheral  zone  of  the  stream, 
probably  furnish  all  the  conditions  necessary  for  this  migration.  Possibly  differences 
in  the  watery  contents  of  the  tissues  (Thoma)  also  exert  some  influence,  since  an  in- 
creased amount  of  water  increases  amoeboid  movement.  It  is  also  possible  that  the 
presence,  in  the  tissue-fluids,  of  substances  having  chemotactic  action  may  lead  to  migra- 
tion of  leucocytes  which  remain  attached  to  the  inner  wall  of  the  vessel  (vide  §103). 

According  to  the  researches  of  Arnold,  Thoma,  and  Engelmann,  a  soft  cement  sub- 
stance lies  between  the  borders  of  the  endothelial  cells,  and  this  substance  suffers  a 
change  in  the  circulatory  disturbances  associated  with  cell-migration — a  change  which 
may  sometimes  (although  not  always,  according  to  Löwit)  be  recognized  in  the  histo- 
logical examination  in  the  form  of  numerous  circumscribed  widenings  of  these  inter- 
cellular areas  (Engelmann).  If  leucocytes  pass  through  these  parts  of  the  vessel  in  large 
quantities,  the  cement  substance  becomes  still  more  permeable,  and  soon  permits  red 
blood-corpuscles  also  to  pass  through  in  quick  succession  (Thoma). 

Under  normal  conditions,  wandering  cells  are  found  in  many  tissues  (von  Reckling- 
hausen), and  wander  from  there  partly  into  the  lymph-vessels  (Hering,  Thoma),  some- 
times also  into  the  blood-vessels  (Bubnoff,  Schulin,  Ranvier,  Senftleben)  or  to  the  sur- 
faces of  mucous  membranes,  to  which  they  penetrate  between  the  epithelial  cells. 
About  collections  of  lymphadenoid  tissue  in  the  mucous  membrane  they  may  constantly 
be  found  in  abundance,  and  wander  from  there  to  the  surface  through  the  epithelial 
layer.  According  to  observations  of  Kunkel  and  Siebel,  a  few  of  them  may  also  reach 
the  free  surface  of  the  alveoli  of  the  lungs. 

The  inflammatory  disturbances  of  the  circulation  and  the  formation  of  exudate  may 
be  most  easily  followed  on  the  transparent  membranes  of  the  cold-blooded  animals,  espe- 
cially on  the  mesentery  or  the  extended  tongue  or  the  spread-out  web-membrane  of  the 
frog.  On  the  frog's  mesentery,  which  has  been  spread  out  on  a  suitable  object-stand, 
circulatory  disturbances  and  inflammation  develop  from  simple  contact  with  the  air  and 
the  drying  that  results  ;  the  tongue  and  the  web-membrane  must  be  cauterized  in  order 
to  become  inflamed.  By  the  employment  of  suitable  apparatus,  the  circulation  of  the 
blood  and  the  formation  of  inflammatory  exudate  can  be  observed  with  the  microscope 
on  the  thin  membranes  of  mammals  also  (mesentery  of  rabbits,  wing-membrane  of  bats), 
and  observations  made  in  this  manner  show  that  the  phenomena  which  occur  agree 
completely  with  those  observed  in  the  frog. 

§  95.  The  cellular  ayid  fluid  exudates  secreted  by  the  vessels  collect 
first  in  their  neighborhood  (Fig.  169) ,  but  soon  spread  out  in  the  vicin- 
ity, mass  themselves  in  the  lymph-spaces  of  the  tissues,  and  thus  form  a 
tissue=inf titrate  (Fig.  170,  e;  Fig.  172,  b;  and  Fig.  174,  p).  When  the 
exudate  is  abundant,  it  can  spread  out  and  infiltrate  also  the  neighbor- 
ing sound  tissue  that  has  not  been  injured  by  the  cause  of  the  inflam- 
mation. This  infiltration  may  be  so  considerable  as  to  produce  new 
disturbances  of  circulation  and  nutrition,  and  thus  increase  the  area  of 
tissue-degeneration  and  inflammatory  exudation. 

WhoiTL  exudate  is  present  in  a  tissue,  it  may  he  absorbed  in  part  by 
the  tissue-elements  themselves,  so  that  they  swell  up,  become  separated 
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from  their  surroundings   (Fig.  170,  c,  d) ,  and  not  rarely  contain  drops 
of  fluid  (d),  which  are  ordinarily  called  vacuoles.     There  often  occurs, 


Fig.  170.— Recent  purulent  meningitis.    (Miiller^s  fluid;  haematoxylin.)    n.  The  arachnoid ;  h,  the  sub- 
arachnoid tissue ;  c,  d,  desquamated  endothelium ;  c,  pus-corpuscles.    Magnified  3(iO  diameters. 

also,  a  complete  dissolution  of  the  tissue=elements  in  the  exudate, 
especially  of  the  connective-tissue  cells  (Fig.  171,  d,f),  and  not  seldom, 
also,  of  the  intercellular  substance.  In  this  way  both  brain-  and  muscle- 
tissue,  as  well  as  ordinary  connective  tissue,  may  be  completely  liquefied 
in  the  course  of  an  inflammation. 

If  dead  cells  become  saturated  with  lymph  containing  fibrinogen, 


Fig.  171.— Section  through  the  border  of  a  blister.  (Alcohol :  carmine.)  a.  Homy  layer  of  the  epider- 
mis ;  b,  rete  Malpighii ;  c,  normal  papillae :  d,  swollen  cells,  some  of  the  nuclei  of  which  are  still  visible,  but 
pale,  while  others  have  been  entirely  destroyed ;  e,  interpapillary  epithelial  cells,  the  deep  ones  intact,  while 
In  the  upper  layers  they  are  drawn  out  lengthwise  and  are  somewhat  swollen,  without  nuclei ;  /,  total  Lique- 
faction of  the  cells ;  g,  interpapillary  cells  without  nuclei,  swollen,  and  raised  from  the  cutis  ;  7k  total  degen- 
eration of  the  interpapillary  cells  which  are  separated  from  the  cutis :  f,  flattened  papillae  infiltrated  witli 
cells ;  k,  coagulated  exudate  (fibrin)  lying  under  the  lifted  epithelium.    Magnified  150  diameters. 


and  fibrin-ferment  is  formed,  a  coagulation  may  precede  the  liquefac- 
tion of  the  infiltrated  tissue ;   in  which  case  the  cells  are  transformed 
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Fig.  173.— Recent  interstitial  hepatitis.  (Alcohol ;  haema- 
toxylin.)  a.  Normal  liver-tissue;  b,  small-celled  infiltration 
of  the  periportal  connective  tissue.    Magnified  80  diameters. 


partly  into  homogeneous  masses  without  nuclei,  and  partly  into  gran- 
ules and  filaments  (Fig.  173,  c,  d). 

If  the  exudate  within  an  organ — e.g.,  a  gland — is  chiefly  in  the  sup- 
porting tissue,  while  the  specific  parenchyma  appears  little  altered,  the 
form  of  the  inflammation  is 
designated  as  an  interstitial 
inflammation  (Fig.  172,  h). 
On  the  other  hand,  if  the 
degeneration  of  the  specific 
tissue— e.g.,  of  the  epithe- 
lium of  the  uriniferous  tu- 
bules (Fig.  173,  c,  d)  of  the 
kidney,  of  the  liver-cells  in 
the  liver,  of  the  contractile 
substance  in  the  muscles — is 
prominent,  and  these  parts 
appear  saturated  with  exu- 
date, one  calls  the  condition 
parenchymatous  inflam= 
mation. 

If  the  seat  of  an  inflam- 
mation is  the  surface  of  an 
organ,  one  calls  it  a  super= 

ficial  inflammation  (Fig.  174).  If  the  exudate  can  gain  free  access  to 
the  surface,  and  flows  from  it  mixed  with  particles  of  cast-off  tissue 
(Fig.  174,  d,  e, /, /,,  Ji),  the  inflammation  is  called  a  catarrh.  If  the 
pouring  out  of  a  liquid  exudate  on  the  surface  of  the  skin  or  of  a 
mucous  membrane  is  impeded  by  coherent,  horny  epithelium  (Fig.  171, 
a),  and  there  form  under  this  cover  circumscribed  collections  of  fluid, 

in  which  the  deep  soft  layers  of 
epithelium  dissolve  (Fig.  171, 
d,  f,  g),  the  lesions  thus  formed 
are  called  vesicles  and  blisters. 
When  the  exudate  from  serous 
surfaces  collects  in  the  cavities 
of  the  body,  there  are  formed 
in  them  inflammatory  effu= 
sions,  which  not  rarely  reach  a 
considerable  bulk,  distend  the 
affected  cavity,  and  compress 
the  organs  contained  therein. 

If  an  organ  is  in  a  condition 
of  inflammation,  it  is  customary 
to  express  it  by  adding  the 
termination  "  itis  "  to  the  Greek 
name  of  the  organ.  In  this 
way  are  formed,  for  example, 
the  terms  endocarditis,  myocar- 
ditis, pericarditis,  pleuritis, 
peritonitis,  encephalitis,  pharyngitis,  keratitis,  orchitis,  oophoritis,  col- 
pitis, metritis,  hepatitis,  nephritis,  amygdalitis,  glossitis,  gastritis.  The 
ending  "itis"  is  sometimes  fixed  to  the  Latin  names.  One  says,  e.g., 
conjunctivitis,  tonsillitis,  and  vaginitis.  If  one  wishes  to  denote  that 
the  serous  covering  or  the  neighborhood  of  an  organ  is  inflamed,  one 


Fig.  173.— Parenchymatous  nephritis,  with  necrosis 
of  the  epithelium  of  the  uriniferous  tubules,  in  icterus 
gravis.  (Miiller's  fluid ;  gentian  violet.)  a,  Normal  con- 
voluted tubule  ;  t>,  ascending  loop ;  c,  convoluted  tubule 
with  necrotic  epithelium ;  d,  convoluted  tubule  with  epi- 
thelium partly  intact,  partly  necrotic;  e,  stroma  with 
blood-vessels.    Magnified  300  diameters. 
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places  before  the  Greek  name  with  the  termination  "itis  "  a  "peri  "  or 
"para."  Thus  are  formed  the  words  perimetritis,  parametritis,  jjeri- 
proctitis,  perityphlitis,  paranephritis,  perihepatitis. 

For  isolated  forms  of  inflammation  there  are  also  in  use  special 


«'*'';##^%^ 


Fig.  174.— Superficial  catarrhal  inflammation  of  a  bronchus.  (MTlller's  fluid;  aniline  brown.)  a,  Cili- 
ated cells;  tti,  deep  cell-layers;  Z),  goblet-cells;  c,  markedly  mucoid  cells;  c,,  mucoid  cells  with  mucoid  nu- 
cleus; d,  desquamated  mucoid  cells';  t-,  desquamated  ciliated  cells  ;  /,  layer  of  drops  of  mucus;  /,,  layer  of 
stringy  mucus  and  pus-corpuscles;  g,  excretory  duct  of  a  mucous  gland  filled  with  mucus  and  cells;  /(,  des- 
quamated epithelium  of  the  excretory  duct ;  j,  intact  epithelium  of  the  excretory  duct ;  k,  swollen  hyaline 
basement  membrane;  Z,  connective  tissue  of  the  mucosa,  partly  inflltratfd  with  cells;  »J,  dilated  blood-ves- 
sel ;  7i,  mucous  gland  filled  with  mucus;  rji,  lobule  of  a  mucous  gland  without  mucus;  o,  migrating  cell  in 
the  epithelium ;  p,  cellular  infiltration  of  the  connective  tissue  of  the  mucous  glands.  Magnified  120  diame- 
ters. 


names;   thus  one  calls  inflammation  of  the  lungs,  pneumonia;   inflam- 
mation of  the  arch  of  the  palate  and  tonsils,  angina. 

Since  Cohnheim  taught  us  to  recognize  the  migration  of  colorless  blood-corpuscles 
en  masse  as  an  important  part  of  inflammation,  and  showed  that  they  might  serve  as  a 
new  source  of  origin  for  the  cells  present  in  the  exudate,  the  question  of  the  origin  of 
the  cells  present  in  the  exudate  of  fresh  inflammations  has  been  many  times  the  subject 
of  discussion.  While  some  regarded  all  cells  present  in  the  exudate  as  extravasated  leu- 
cocytes, others  believed  that  the  leucocytes  coming  from  the  blood  formed  only  an  acci- 
dental component  of  the  exudate,  and  that  the  cells  contained  in  it  for  the  most  part 
have  originated  on  the  spot  from  the  tissue  "  irritated  "  by  the  cause  of  the  inflammation. 

Strieker  is  of  the  opinion  that  the  swelling  and  hardening  of  the  tissue  in  inflamma- 
tion are  not  caused  by  the  collection  of  exudate,  but  by  a  swelling  of  the  cell-reticulum 
which  traverses  the  tissues,  and  that  it  is  a  phenomenon  of  gi'owth  of  the  cells  and  their 
prolongations  characterized  by  swelling.  The  cellular  exudate — i.e.,  the  pus — he  ac- 
counts for  partly  by  a  segmentation  and  division  of  the  cellular  reticulum  swollen  from 
the  inflammation,  partly  by  a  transformation  of  the  connective-tissue  fibrils  into  pus- 
corpuscles.  Heitzmann  considers  the  inflammatory  tissue-changes  as  a  reversion  of  the 
tissues  to  the  embryonal  condition,  and  believes  that  the  living  material  is  not  contained 
in  the  cells  only,  but  infiltrates  the  entire  ground  substance,  and  increases,  in  the  prog- 
ress of  an  inflammation,  with  the  liquefaction  of  the  ground  substance.  Connective 
tissue,  cartilage,  and  bone  become  resolved  in  inflammation  into  those  elements  from 
which  they  are  formed — i.e.,  into  cells — which  then  immediately  reproduce  their  like. 
Grawitz  believes  that  both  the  cellular  infiltrate  and  the  pus  occur  without  any  partici- 
pation of  the  leucocytes  worth  mentioning.  Everywhere  in  the  tissue,  cells  which  he 
calls  slumber-cells  lie  latent  in  large  quantities,  not  affected  by  our  nuclei-staining  dyes 
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and  therefore  not  recognizable  (only  from  five  to  ten  per  cent,  of  the  tissue-cells,  accord- 
ing to  him,  are  known  to  us),  but  which  in  inflammation  awake,  increase  in  size,  respond 
to  nuclei-staining  dyes,  and  therefore  again  become  recognizable. 

After  what  an  unprejudiced  careful  examination  of  inflamed  tissue  exhibits,  there 
can  be  no  doubt  that  the  description  of  the  origin  of  the  inflammatory  infiltrate  given 
by  Strieker,  Heitzmann,  Grawitz,  and  their  pupils,  does  not  correspond  to  the  condi- 
tions as  they  actually  exist.  The  cells  which  are  found  lying  in  the  midst  of  recently 
inflamed  tissues  consist  in  part  of  leucocytes  which  have  escaped  from  the  blood-vessels, 
(Fig.  170,  e),  and  in  part  of  tissue-cells  which  are  in  a  more  or  less  degenerate  condition, 
and  have,  at  least  in  many  instances,  become  separated  from  the  underlying  tissues  (Fig. 
170,  c,  d).  Farther  on,  in  the  course  of  the  inflammation,  there  will  be  added,  to  the 
preceding,  cells  which  are  the  recent  product,  through  a  process  of  subdivision,  of  pre- 
existing cells. 

§  96.  Both  the  local  tissue-degeneration  and  the  exudation  may  ap- 
pear very  differently  in  different  cases,  and  one  can  distinguish  con- 
formably different  forms  of  inflammation. 

If  the  exudate  consists  principally  of  fluid,  while  the  cellular  com- 
ponents are  comparatively  insignificant,  it  is  called  a  serous  exudate. 
If  this  is  within  a  tissue — for  example,  the  cutaneous  and  subcutaneous 
tissues  or  the  kidneys  (Fig.  175,  a)— it  leads  to  inflammatory  oedema. 

Escape  of  fluid  on  the  surface  of  a  mucous  or  serous  membrane  gives 
the  picture  of  a  serous  catarrh  ;  a  localized  collection  of  fluid  beneath  the 
horny  »layer  of  the  epidermis,  with  the  liquefaction  of  the  soft  layers  of 
epithelium,  leads  to  the  formation  of  vesicles  and  blisters  with  clear 
contents  (Fig.  171,  d,f). 

If  the  fluid  exuded  on  the  surface  of  a  mucous  membrane  is  associ- 
ated with  marked  mucoid  change  of  the  superficial  epithelium  (Fig.  174, 


Fig.  175.— Inflammatory  oedema  of  the  kidney,  with  catarrh  of  the  uriniferous  tubules  (from  a  man  who 
died  of  suppurative  mediastinitis  and  pleuritis  with  nephritis  on  the  tenth  day  after  the  beginning  of  the  ill- 
ness). (Osmicacid;  glycerin.)  a.  Stroma  distended  by  fluid,  and  infiltrated  with  granules  and  filaments  of 
fibrin  and  separate  fat-droplets ;  ö,  capillaries ;  c,  epithelia  of  the  convoluted  tubules,  in  parts  slightly  fatty 
and  desquamating ;  d,  desquamated  epithelial  cells  in  a  looped  tubule ;  e,  granular  and  fatty  detritus  in  a 
looped  tubule,  whose  epithelium  remains,  but  is  cloudy  ;  /,  hyaline  cylinder  (cast)  in  a  convoluted  tubule ;  g, 
round  cells.    Magnified  350  diameters. 


b,  c,  cj  and  of  the  mucous  glands  (n),  there  is  a  mucous  catarrh  (Fig. 
174,  d,  f,  fj.  If  a  marked  desquamation  of  the  epithelium  of  the  mu- 
cous membrane,  with  or  without  mucoid  change,  occurs,  there  is  a  des»» 
quamative  catarrh,  and  it  may  occur  not  only  in  mucous  membranes. 
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but  also  in  the  respiratory  parenchyma  of  the  lungs,  on  serous  surfaces 
(Fig.  169,/),  in  the  kidney-tubules  (Fig.  175,  c,  d),  etc. 

In  desquamative  catarrh,  if  the  secretion  is  mixed  with  much  epi- 
thelium, it  is  cloudy  and  contains  a  large  number  of  cells,  which  con- 
sist, according  to  the  source  of  the  catarrh,  sometimes  of  mucoid  cylin- 
drical and  ciliated  cells  (Fig.  176,  5,  5,  6*),  sometimes  of  squamous 
epithelium  {11,  12,  18,  19).  At  the  same  time  there  generally  are  found 
also  round  cells  (Fig.  176,  1,  2,  7,  9,  10,  13,  20),  and  often  also  bacteria 
(4,  14,  15,  16,  17,  21). 

If  the  deposition  of  fibrin,  or  coagulation,  occurs  in  a  liquid  exudate, 
there  are  formed  fibrinous  and  sero=f ibrinous  exudates,  which  are  often 


Fig.  176.— Catarrhal  secretion  of  various  mucous  membranes.  A,  Secretion  from  mucous  membranes  with 
cylindrical  epithelium  ;  B,  from  the  mouth ;  C,  from  the  uninary  bladder.  1,  Round  cells  (pus-corpuscles) ; 
3,  large  round  cells  with  bright  nuclei  from  the  nose ;  3,  mucoid  cylindrical  cells  from  the  nose;  4,  spirillum 
from  the  nose ;  5,  mucoid  cells  with  cilia  from  the  nose ;  6,  goblet-cell  from  the  trachea ;  7,  round  cells  with 
mucoid  masses  from  the  nose ;  8,  epithelial  cells  containing  pus-corpuscles  from  the  nose ;  9,  fatty  cells  in 
chronic  catarrh  of  the  larynx  and  pharynx ;  10,  cells  from  sputum  containing  coal-pigment ;  11  and  13, 
squamous  epithelium  from  the  mouth ;  13,  mucous  corpuscles ;  14,  micrococci ;  15,  bacteria ;  16,  leptothrix 
buccalis;  17,  spirochaete  denticola;  18,  superflcial,  19,  middle  layer  of  bladder  epithelium;  30,  pus.-cor- 
puscles ;  31,  schizomycetes.    Magnified  400  diameters. 


also  called  croupous.  They  occur  chiefly  on  the  surface  of  serous  or 
mucous  membranes  and  in  the  lungs,  but  masses  of  fibrin  can  also  be 
deposited  within  tissues  infiltrated  with  exudate  as  well  as  in  lymphatic 
vessels. 

Fibrinous  exudates  on  mucous  surfaces  form  whitish  patches  and 
coherent  membranes,  which  sometimes  lie  upon  them  only  loosely, 
sometimes  are  firmly  attached  to  the  under  surface.  In  the  serous 
cavities  the  deposits  of  fibrin  float  in  the  form  of  flakes  in  the  fluid  exu- 
date, or  attach  themselves  firmly  to  the  surface  of  the  membranes. 
These  deposits  consist  at  times  only  of  small,  attached  granules  and 
flakes,  which  give  to  the  affected  surface  a  cloudy,  dull,  rough,  or  even 
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granular  appearance ;  at  other  times  tliey  consist  of  larger  yellowish  or 
yellowish-red  tough  membranes,  which  often  give  the  surface  a  felted  or 
villous  appearance  (cor  villosum, 
pericarditis  villosa).  In  the  lung, 
croupous  inflammation  leads  to  the 
filling  of  the  alveoli  with  a  coagulated 
mass,  as  a  result  of  which  the  lung 
acquires  a  firm  consistence. 

The  formation  of  croupous  mem- 
brane on  mucous  surfaces  occurs  only 
if  the  epithelium  is  already  desqua- 
mated and  the  connective  tissue,  in 
part  at  least,  exposed;  but  tissue 
covered  with  epithelium  may  be 
coated  over  with  coagulated  fibrin 
extending  from  spots  free  from  epi- 
thelium. The  desquamation  of 
epithelium  follows,  in  such  a  case, 
sometimes  gradually,  sometimes 
quickly,  through  the  lifting  up  of 
whole  layers  of  epithelium  (Fig.  177, 
b),  which  are  either  still  well  pre- 
served or  already  degenerated  or  ne- 
crotic and  infiltrated  with  exudate 
(Fig.  179,  a).  _ 

The  deposit  of  fibrin  may  begin 
under  the  raised-up  epithelium, ^with 
the  formation  of  slender  forms^like 
acicular  crystals  (Fig.  177,  d),  which 
are  arranged  radially  about  a  centre, 
in  which  there  often  lies  a  small  cor- 
puscle, probably  a  product  of  disin- 
tegration of  a  red  blood-corpuscle,  or  a  blood-plate.  There  form,  how- 
ever, very  soon,  thicker  or  thinner  threads  (Fig.  178,  c,  and  Fig.  179, 
b,  c)  which  inclose  a  larger  or  smaller  number  of  leucocytes  and  red 
blood-corpuscles.  The  arrangement  of  the  threads  is  generally  re- 
ticular, but  the  thick- 
ness of  the  meshwork 
and  the  width  of  the 
meshes  vary  greatly. 
When  there  is  unequal 
development  of  the 
threads  and  strands  of 
fibrin,  the  principal 
strands  have  a  direc- 
tion sometimes  paral- 
lel to  the  mucous  mem- 
brane^ (Fig.  178,  a), 
sometimes  perpendic- 
ular to  it  (Fig.  179,  c). 
Thick  fibrin  m  e  m  - 
branes  often  show  a  real  stratification  (Fig.  179,  a,  b,  c),  a  hint  that  their 
formation  occurs  in  batches. 

When  a  mucous  membrane  becomes  the  seat  of  a  deposition  of  fibrin, 


Fig.  177.— Acute  bemorrhagic  fibrinous  in- 
flammation of  the  trachea,  caused  by  the  vapor 
of  ammonia.  (Müller's  fluid;  haematoxylln, 
eosin.)  a,  Superficial  connective-tissue  layer  of 
the  mucosa,  with  escaped  red  blood-corpuscles 
and  widely  dilated  vessels  filled  with  blood ;  b, 
deep  layer  of  epithelium  raised  up  in  its  entirety : 
c,  desquamated  epithelial  cells :  d,  hemorrhagic 
fibrinous  exudate  with  radiating,  crystal-like 
deposit  of  fibrin  partly  consisting  of  small  color- 
Magnified  300  diameters. 


Fig.  178.— Croupous  membrane  from  the  trachea,  a,  Section 
through  the  membrane ;  b,  upper  layer  of  the  mucous  membrane,  in- 
filtrated with  pus-corpuscles,  d ;  c,  threads  and  granules  of  fibrin ;  d, 
pus-corpuscles.    Magnified  350  diameters. 
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the  underlying  connective  tissue  is  always  more  or  less  hypersemic 
(Fig.  179,  g),  swollen  with  oedema,  infiltrated  with  leucocytes  (Fig.  179, 
dj  e,  and  Fig.  180,  e),  and  contains  generally  here  and  there  also  fibrin- 
precipitates  (Fig.  179,  I,  and  Fig.  180,/).  Very,  often  the  tendency  to 
the  separation  of  fibrin  is  manifest  even  within  the  blood-vessels  (Fig. 
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Fig.  179.— Section  of  a  uvula  inflamed  ana  coverefl  with  a  stratified  fibrin  membrane,  from  a  case  of 
diphtheritic  croup  of  the  pharyngeal  organs.  (Miiller's  fluid ;  ha?matoxylin ;  eosin.)  a.  Superficial  layer  of 
coagulation,  consisting  of  epithelial  plates  and  fibrin  and  dotted  with  numerous  balls  of  cocci ;  Ö.  second 
layer  of  coagulation,  which  consists  of  a  close-meshed  reticulum  of  fibrin  enclosing  leucocytes :  c,  third  layer 
of  coagulation,  lying  on  the  connective  tissue,  and  consisting  of  a  ■nide-meshed  reticulumof  fibrin  enclosing 
leucocytes ;  d,  connective  tissue  infiltrated  with  cells :  e.  infiltrated  boundary-layer  of  the  connective  tissue 
of  the  mucous  membrane:  /,  mass  of  red  blood-corpuscles:  g.  congested  blood-vessels;  h.  lymphatic  vessel 
distended  with  fluid,  fibrin,  and  leucocytes ;  U  excretory  duct  of  a  mucous  gland  distended  with  secretion  ; 
?r,  transverse  section  of  a  gland ;  Z,  reticulum  of  fibrin  in  the  superficial  layers  of  connective  tissue.  Magni- 
fied 50  diameters. 


180),  inasmuch  as  these  contain,  now  threads  and  rods  of  fibrin,  lying 
in  tangled  groups  (p) ,  and  again  needle-shaped  fibrin-particles,  grouped 
in  clusters  and  star-forms  (a,  c,  d),  which,  according  to  Zenker,  often 
proceed  from  degenerated  endothelial  cells  or  leucocytes,  or  from  blood- 
plates,  or  originate  in  spots  bare  of  endothelium.  In  like  manner,  we 
also  find,  in  the  dilated  lymph-spaces,  fibrin-fibres  along  with  fluid  and 
cellular  exudate  (Fig.  179,  li). 

Upon  serous  membranes,  fibrin  deposits  appear  partly  in  the  form  of 
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granular  (Fig.  182,  d)  and  thready  (Fig.  181,  d,  e)  masses,  partly  rather 
in  dense  and  homogeneous  masses  (Fig.  182,  c,  and  Fig.  183,  c?),  or  also 


ra 


Fig,  180.— Croupous  tracheitis.  Section  through  the  connective  tissue  of  the  mucosa.  (Carmhie  and  fibrin- 
stain),  a,  ft,  c,  d,  Blood-vessels,  containing  fibrin  precipitates ;  e,  oedematous  and  swollen  connective  tissue 
with  leucocytes ;  /,  connective  tissue  with  fibrin-threads.    Magnified  500  diameters. 

in  the  form  of  ribbon-like  bands  (Fig.  183,  e).  Here,  too,  the  epithe- 
lium is  exfoliated  at  the  point  of  deposition  (Fig.  181,  d,  e,  and  Fig. 
182),  but  may  remain  attached  in  spots  (Fig.  181,  c,  and  Fig.  183,  c)  and 
the  fibrin  be  deposited  upon  it.  The  connective  tissue  of  the  serous 
membranes  is  sometimes  more,  and  sometimes  less  infiltrated  in  croup- 
ous inflammation,  and  may  contain  leucocytes  and  fibrin,  both  in  the 
engorged  blood-vessels  themselves  (Fig.  183,  g)  and  in  the  interstices  of 
the  connective  tissue  (a,  h)  as  well. 

Fibrinous  exudates  in  the  lungs  are  characterized  by  the  formation  of 


Fig.  181.— Traumatic  fibrino-purulent  peritonitis.  (Alcohol ;  Van  Gieson's  mixture.)  a.  Peritoneum  of 
the  abdominal  wall ;  ö,  serosa  of  a  knuckle  of  gut  which  had  been  sutured  to  the  abdominal  wall ;  c,  persist- 
ing epithelium ;  d,  e,  deposit  of  fibrin.    Magnified  200  diameters. 
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a  network  of  fibrin-threads,  more  or  less  close,  in  the  meshes  and  in 
the  general  neighborhood  of  which  lie  leucocytes  and  usually  also  red 
blood-corpuscles  (c),  interspersed  with  desquamated  epithelium.  In 
the  first  stages  there  are  occasionally  found  also  globular  and  wreath- 


FiG.  182.— Fibrinous  pleuritis.     (Alcohol ;  Van  Gieson's  mixture.)    a.  Connective  tissue :  h,  exfoliated  epithe- 
lium ;  c,  homogeneous,  dense,— and  d,  granular  flbrin-deposit  with  leucocytes.    Magnified  lOf)  diameters. 


shaped  precipitates  of  fibrin.  Fibrin  threads,  too,  may  develop  in  and 
upon  lifeless  epithelial  scales  (Häuser). 

In  the  kidneys  deposits  of  fibrin  may  occur  in  the  form  of  fine  fila- 
ments or  fibrinous  masses  in  the  uriniferous  tubules  and  in  the  glomer- 
ular capsule.  In  the  lymphatic  glands  fibrin  filaments  form  principally 
within  the  lymph-passages. 

Hemorrhagic  exudate— i.e.,  exudate  which  contains  red  blood- 
cori:)uscles  in  large  quantities — occurs  particularh'  in  connection  with 
the  deposition  of  fibrin.  Thus  croupous  pulmonary  exudate  always  con- 
tains a  larger  or  smaller  number  of  red  blood-corpuscles  (Fig.  184,  c), 
and  in  the  same  way,  in  fibrinous  pericarditis  aud  pleuritis,  large  quan- 
tities of  red  blood-corpuscles  quite  often  escape.  Hemorrhagic  inflam- 
mations occur  also  not  rarely  in  the  central  nervous  system,  in  the 

lymphatic  glands,  in 


the  skin,  and  in  the 
kidneys. 

The  serous,  fib- 
rinous, and  sero-fib- 
rinous  inflammations 
may  be  caused  both 
by  thermal  and  chem- 
ical influences  and 
by  bacteria,  but  are 
most  often  the  result 
of  infection,  espe- 
cially of  infection 
with  the  Diplococcus 
jjneumonice  and  the 
Bacillus  diphtherice. 
The  former  causes 
particularly  croupous 
inflammations  of  the 
lungs  and  the  pleurae, 
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Fig.  15>3.— Fibnuuus  pleuritis.  (Alcohol;  Van  Gieson's  mixture.) 
a,  b,  Inflamed  pleura-tissue :  c,  epithelium  ;  d,  e,  fibrinous  exudate ;  /, 
g,  blood-vessels.    Magnified  300  diameters. 


the    latter     fibrinous 
inflammations  of  the  pharynx,  i^alate,  and  respiratory  passages. 

Neumann  is  of  the  opinion  that,  in  recent  fibrinous  inflammation  of  the  serous  mem- 
branes, the  hyaline  bands  and  flakes  on  the  surface  of  the  membranes  are  not  exudative 
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fibrin,  bat  represent  layers  of  the  connective  tissue  wliich  have  undergone  a  fibrinoid 
degeneration.  This  opinion  I  cannot  endorse,  but  I  agree  rather  with  the  majority  of 
authors  who  have  expressed  opinions  on  the  subject,  that  they  are  deposits  of  exudative 
fibrin.  Moreover,  the  illustrations  which  Neumann  has  presented  in  his  work  are  in 
no  sense  confirmatory  of  his  opinion,  but  enable  us  rather  to  affirm  that  Neumann  had 
exudative  fibrin  before  him  in  his  specimens.  In  severe  inflammations,  fibrin  may  in- 
deed separate  out,  even  within  the  connective  tissue  of  the  serous  membranes,  and  be  the 


Fig.  184.— Croupous  pneumonia.    Red  hepatization  of  the  lungs.    (Alcohol ;  carmine ;  fibrin  stain.)    a,  In- 
filtrated alveolar  septa ;  ö,  fibrinous  exudate  ;  c,  red  blood  corpuscles.    Magnified  200  diameters. 

cause  of  their  peculiar  coloration  when  treated  with  stains — only  we  are  dealing,  not 
with  a  fibrinoid  degeneration  of  the  connective-tissue  fibres,  but  with  a  deposition  of 
exudative  fibrin. 


§  97.  When  the  inflammatory  exudate  consists  principally  of  leuco- 
cytes, there  is  an  infiltration  of  the  tissues  with  small  cells  (Fig.  185, 

d,  e, /),  which  may  at  times  be  so  crowded  as  to  obscure  the  structure 
of  the  tissue.  If  leucocytes  with  fluid  exudate  appear  in  large  quanti- 
ties on  the  surface  of  a  mucous  membrane  or  an  external  wound,  a  white 
fluid  is  seen  on  the  affected  part,  which  is  called  pus,  and  has  given 
occasion  to  name  the  inflammation  a  purulent  catarrh  (Fig.  185,  a). 
When  an  abundant  secretion  persists,  the  phenomenon  is  called  a  hlen- 
norrhoea.  If  such  pus  collects  within  body-cavities — e.g.,  in  the  pericar- 
dium or  in  the  pleura  or  in  joint-cavities — it  forms  confined  pundeiit 
effusions  or  empyemata.  If  an  abundant  collection  of  lymphocytes 
takes  place  within  a  blister  produced  by  the  liquefaction  of  epithelium 
under  the  horny  layer,  the  fluid  becomes  more  and  more  turbid,  white, 
purulent,  and  the  vesicle  changes  to  a  pustule  (Fig.  186,/,). 

The  cells  that  emigrate,  especially  in  purulent  inflammations,  and 
which  are  therefore  called  pus=corpuscles,  are  polynuclear  leucocytes. 
They  may  reach  the  surface  of  a  mucous  membrane  both  after  the  des- 
quamation of  the  epithelium  and  while  the  epithelium  is  still  preserved, 
and  they  accomplish  this  by  passing  between  the  epithelial  cells  (Fig. 
185,  c,  Cj,  cj ;  and  the  epithelium  of  the  external  skin  may  be  pene- 
trated by  them  in  the  same  way  (Fig.  186,  g). 


272 


PURULENT   INFLAMMATORY   EXUDATES. 


Wlien  very  numerous  pus-oorpuscles  collect  in  a  tissue,  so  tliat  the 
tissue  acquires  a  white  or  grajdsli-wlnte  or  yellowish- white  color,  the 
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Fig.  185.— Purulent  bronchitis,  peribronchitis,  and  peribronchial  broncho-pneumonia  (from  a  child  aged 
fifteen  months).  (Miiller's  fluid;  hteuiatoxylin :  eosin.)  a.  Purulent  bronchial  contents:  />,  mucoid  bron- 
chial contents;  c,  Ci,  bronchial  epithelium  iutJltrated  with  roimd  cells  and  partly  raised  up  (Ci) ;  d,  bron- 
chial wall  infiltrated  with  cells  and  it?  blood-vessels  markedly  distended  with  blood ;  c,  peribronchial  and 
periarterial  connective  tissue  infiltrated  with  cells ;  /,  septa  between  the  pulmonary  alveoli,  partly  infiltrated 
with  cells ;  g,  fibrinous  exudate  in  the  alveoli ;  /;,  alveoli  filled  with  exudate  containing  many  cells ;  i.  alveoli 
filled  with  exudate  cmtaining  few  cells;  /c,  transverse  section  of  pulmonary  artery-;  Z,  congested  bronchial, 
peribronchial,  and  iV'^^'iriobular  vessels.    Magnified  45  diameters. 

process  takes  on  the  character  of  a  purulent  infiltration.  If  finally 
liquefaction  and  dissolution  of  the  tissues  take  place,  we  maj'  speak 
of  these  changes  as  suppuration  of  tissue  and  abscess=formation  (Fig. 
187,  %) — i.e.,  the  formation  of  a  cavity  filled  with  pus. 


Fig.  186.— Section  of  a  smallpox  pustule.  (Injected  haematoxylin  preparation.)  a.  Homy  layer ;  b.  mu- 
cous layer  of  epidermis ;  c7..  cutis ;  e,  smallpox  pustule  :  f.  ca^äty  of  the  pock,  containing  at  / 1  pus-corpuscles; 
(/,  remains  of  epithelium  between  the  papillae,  infiltrated  with  pus-corpuscles;  /i,  papilla?  infiltrated  with 
cells;  I,  umbilication  with  thin  pock  cover;  ii,  border  of  the  pock,  whose  roof  is  here  formed  of  the  homy 
and  transition  layers.    Magnified  35  diameters. 
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When  the  suppurative  infiltration  and  tissue-solution  occur  on  the 
surface  of  an  organ — for  example,  of  a  mucous  membrane  (Fig.  188,  c?, 


Fig.  187.— Embolic  abscess  of  the  intestinal  wall,  with  embolic  suppurative  arteritis  and  embolic  aneurism, 
in  cross-section.  (Alcohol ;  fuchsin.)  a,  t>,  c,  d,  e.  Layers  of  intestinal  wall ;  /,  remains  of  the  arterial  wall. 
In  transverse  section :  g,  embolus,  surrounded  by  pus-corpuscles  within  the  dilated  and  partly  suppurating  ar- 
tery ;  h,  parietal  thrombus ;  i,  periarterial  purulent  inflammation  of  the  submucosa ;  k,  vein  filled  with  blood. 
Magnified  30  diameters. 


/,  g) — the  process  leads  to  the  formation  of  a  superficial  loss  of  sub- 
stance— an  ulcer.  If  there  form,  through  suppuration,  T^.^rvious  cavi- 
ties, they  are  called  fistulous  tracts. 

The  dissolution  of  the  tissues,  which  is  designated  as  suppuration, 


Fig.  188.— Suppuration  and  necrosis  of  the  mucous  membrane  of  the  large  intestine  In  dysentery.  (Mai- 
ler's fluid ;  haematoxylin :  eosin.)  Section  of  the  mucosa,  a,  and  submucosa,  b,  of  the  colon ;  c,  muscularis ; 
d,  interglandular,  di,  subglandular  infiltration  of  the  mucosa ;  e,  infiltrated  area  in  the  submucosa ;  /,  infil- 
trated upper  glandular  layer,  desquamating ;  g,  ulcer  whose  base  is  infiltrated  with  cells.  Magnified  35 
diameters. 
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is  possible  only  on  condition  that  they  die.  This  tissue-necrosis  is 
generally  present  even  before  the  occurrence  of  suppuration,  and  is 
caused  by  the  specific  action  of  the  producer  of  infiammation.  The  tis- 
sue may,  hov^-ever,  die  only  during  the 
course  of  the  inflaiomatory  infiltration 
and  then  liquefy. 

If  an  accumulation  of  pus-corpus- 
cles is  associated  with  an  abundant 
collection  of  fluid,  there  occur  sero= 
purulent  exudates,  which,  infiltrating 
the  tissues,  give  rise  to  a  condition 
which  is  often  called  purulent  oedema. 
When  a  purulent  or  a  sero-pui-ulent 
inflammation  spreads  rapidly  over 
wide  areas — for  example,  over  a  large 
portion  of  the  subcutaneous  or  any 
submucous  tissue — the  process  is 
called  phlegmon  (Fig.  189,  c,  d,  e). 
It  leads  often  to  the  formation  of  ex- 
tensive i)us-cavities,  in  which  there  lie 
shreds  of  breaking-down  tissue  infil- 
trated with  i)us. 

The  association  of  serous  exuda- 
tion and  deposition  of  fibrin  with  sup- 
puration leads  to  the  formation  of 
fibrino=puruIent  exudates  (Fig.  181, 
d,  e) ;  and  both  efi'usious  into  the  body- 
cavities  and  meningeal  exudates,  as 
well  as  croupous  exudates  on  mucous 
membranes  and  in  the  lungs,  and  also 
phlegmons  may  bear  this  character; 
yet  it  is  to  be  noted  that  with  increase 
of  suppuration  the  formation  of  fibrin 
decreases  and  the  masses  of  coagulated 
material  which  are  present  dissolve. 
The  masses  of  fibrin  infiltrated  with 
pus  present  a  white  appearance  and 
are  readily  friable. 

The  suppurations  and  the  asso- 
ciated formations  of  abscesses  and 
ulcers  are  generally  caused  by  bac- 
teria, and  most  frequently  by  the 
Staijliylococcus  pyogenes  aureus,  the  Streptococcus  pyogenes,  and  the  gono- 
coccus  (gonorrhoea!  virus).  Yet  suppurations  are  not  rare  which  are 
caused  by  actinomycetes,  or  by  the  Bacillus  typld  abdominalis,  or  the 
DijjJococcus  jmeumonice,  or  the  Bacterium  coli  commune.  Staphylococci 
generally  cause  localized  inflammations;  streptococci,  on  the  other 
hand,  phlegmonous.  The  presence  of  certain  bacteria  {Bacillus  pJdeg- 
mones  emjjhysematosce,  Franhel)  may  cause  the  formation  of  gas  (gas- 
pJdegmon).  Suppuration  is  sometimes  ectogenous,  sometimes  lympho- 
genous or  haematogenous,  and  in  the  last  case  often  bears  the  characters 
of  a  metastatic  process  (Fig.  187). 

Among  the  chemical   substances  which  may  lead  to  suppui'ation 
when  introduced  into  the  tissues  are  mercury,  oil  of  turpentine,  peti'o- 


Fig.  1S9.— Phleemon  of  the  subc-utaneotis 
cüiinective  tissue,  with  formation  of  an  oede- 
matous  bleb.  iMüller's  fluid:  hiematoxyiin ; 
ec'Sln. I  ,a.  Cerium;  t.  epidermis:  o.  adipc'se 
tissue  infiltrated  with  the  products  of  inflam- 
mation :  d,  focus  of  pus:  t.  aggregation  of 
cells  in  the  coriimi :  f.  subepitlieliaf  oedema- 
tous  blebs.    Magnified'  30  diameters. 
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leum,  ß.Ye  to  ten  per  cent,  solutions  of  nitrate  of  silver,  creolin,  digitoxin, 
dilute  croton-oil,  sterilized  cultures  of  a  variety  of  bacteria,  in  wMch 
latter  the  bacterial  proteins  are  the  active  agents.  The  suppurations 
produced  by  chemical  substances  differ  from  the  infections  by  healing 
more  readily,  by  not  spreading  in  the  tissues,  nor  forming  metastases, 
and  by  their  products  lacking  virulence  when  inoculated. 

§  98.  As  was  explained  in  §  97,  suppurative  inflammation  always 
leads  to  tissue-necrosis;  but  this  necrosis  is  again  immediately  lost 
sight  of  in  the  presence  of  the  liquefaction  and  dissolution  of  the  tis- 
sues, which  form  the  characteristic  feature  of  suppuration.  "When  the 
action  on  the  tissues  is  of  a  different  sort,  it  may  lead  to  a  tissue- 
necrosis  of  larger  extent,  visible  to  the  eye,  which  is  not  followed  by 
suppuration,  but  which  rather  is  characterized  by  the  fact  that  the 
necrotic  pieces  of  tissue  remain  unchanged  for  a  time,  and  only  rela- 
tively late  are  separated  by  sequestration  and  desquamation,  or  are 
gotten  rid  of  by  absorption.  As  the  tissue-necrosis  here  forms  the 
chief  feature,  one  may  fittingly  call  the  disease  a  necrotic  inflammation. 

The  tissue-necrosis  associated  with  inflammation  may  be  caused  by 
caustic  chemicals,  by  high  or  low  temperatures,  and  by  isch^emia,  as 
well  as  by  infection  (typhoid,  diphtheria,  and  dysentery) . 

Caustic  chemicals  produce  necrosis  chiefly  on  those  tissues  with 
which  they  first  come  in  contact ;  but  many  substances  (sublimate,  the 
salts  of  chromic  acid,  cantharidin)  may  exert  a  necrotic  effect  only  after 
their  diffusion  throughout  the  body  by  the  blood  and  tissue-juices ;  this 
effect  showing  itself  especially  in  the  kidneys,  the  ducts  leading  from 
them,  and  the  intestine,  where  they  are  excreted.  Bacteria  produce 
necrosis  at  the  spots  where  they  multipl}^  and  where  the  poisonous  sub- 
stances formed  by  them  are  collected  in  a  concentrated  condition. 

The  necrosis  of  the  tissue  may  appear  immediately,  as  the  first  effect 
of  the  injurious  action,  while  the  inflammatory  exudation  takes  place 


Fig.  190,— Necrosis  of  the  epithelium  of  the  epiglottis.  MüUer's  fluid ;  haematoxylin.)  n,  Living  epithe- 
lium with  well-stained  nuclei ;  b,  necrotic  epithelium  with  unstained  nuclei :  c,  leucocytes  situated  in  the 
epithelium ;  d,  hyperaemic,  inflamed,  and  infiltrated  connective  tissue.    Magnified  300  diameters. 

only  later,  and  is  confined  to  the  region  adjoining  the  necrosis ;  and 
this  occurs  especially  after  the  action  of  caustic  substances,  after  expo- 
sure to  a  high  temperature,  and  in  ischsemia.     In  other  cases,  which 
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belong  chiefly  to  the  infections,  an  inflammation  is  first  established,  and 

then  afterward  necrosis  affects  the  inflamed  and  infiltrated  tissue.     In 

tuberculous  infections  the 
necrosis  appears  only  after 
the  tissue-proliferation  has 
developed  and  has  existed 
for  some  time. 

Necrotic     inflammations 
are  most  often  observed  on 
the  mucous  membranes,  and 
are    here    generally    called 
diphtheritic,       particularly 
those  which  are  caused  by 
infection.       The      necrosis 
'e  affect  at  first  the 
epithelium   only,  which,   as 
loses    its    nuclei 
190,  h),  and  later  ac- 
quires  a   flaky  appearance, 
hite     opaque    patches 
the  mucous  mem- 
as  in  the  pharynx  in 
la,  one  may  speak 
of    epitheUal    or    superficial 
diphfherifis.     Ordinarily  the 
term  dipldheritis  is  applied, 
however,  only  to   tissue-ne- 
crosis in  which  the  inßarned 
and  infiltrated  tissue  under- 
goes  necrosis    (Fig.   191,   a) 

and  changes  into  a  lumpy  or  granular  mass  without  nuclei,  or  a  rather 

homogeneous  mass  containing  fibrin,  in  which  the  structure  of  the  tissue 

can    no   longer  be 

recognized. 

Diphtheritic 

sloughing    of    the 

tissues  of  a  mucous 

membrane    is    ob- 
served particularly^ 

often  in  the  intes- 
tine,   but    is    also 

not     lacking      in 

other        mucous 

membranes,   as   in 

those  of  the  vagi- 
na,    the     efferent 

urinary    passages, 

the   region   of  the 

throat,    where   the 

tonsils  are  oftenest 

affected,  etc.     The 

necrotic      tissue 

forms      a     slough 

that    is  white    or 


Fig.  191.— Bacillary  diphtheritis  of  the  large  intestine  (dys- 
entery). (Alcohol ;  gentian  violet.)  a.  Necrotic  portion  of  the 
glandular  layer  of  the  mucosa,  infiltrated  with  bacilli ;  b,  re- 
maining inflamed  mucosa ;  c,  muscularis  mucosae  ;  (/,  submu- 
cosa ;  c,  swarms  of  bacilli ;  /,  glands  with  epithelium  still 
preserved;  g,  gland  with  necrotic  epithelium  and  bacilli;  /(, 
connective  tissue  infiltrated  with  cells ;  i,  blood-vessels.  Mag- 
nified 80  diameters. 


^       y  e 

Fig.  193.— Section  of  the  uvula  in  pharyngeal  diphtheria  with  croupous  de- 
posits. (Alcohol;  aniline  bro^vn.)  a.  Normal  epithelium;  b,  connecti^-e 
tissue  of  the  mucous  membrane ;  c,  I'eticulated  fibrin  ;  d,  connective  tissue  of 
the  mucosa,  infiltrated  with  coagulated  fibrin  and  round  cells,  and  partly  ne- 
crotic ;  e,  blood-vessels ;  /,  hemorrhage ;  g,  masses  of  micrococci.  Magni- 
fied 75  diameters. 
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grayish-white,  or,  from  admixture  of  blood  or  bile,  or  other  impurities, 
is  stained  dark  green,  yellow,  or  brown,  or  any  other  color.  If  a  long 
time  has  elapsed  since  its  formation,  and  if  there  has  occurred  a  tissue- 
liquefaction  on  the  border  separating  the  dead  from  the  living  tissues, 
the  necrosed  jjarts  form  loosely  attached  or  quite  free  deposits  on  the 
surface  of  the  mucous  membrane ;  these  deposits  consisting  sometimes 
only  of  small  particles  or  granules, 
sometimes  of  quite  large  membranes. 

Diphtheritis  of  mucous  mem- 
branes may  also  be  associated  with 
croupous  deposits  (Fig.  192,  c,  c?), 
so  that  the  tissue-necrosis  {d)  may 
be  covered  with  fibrin  excretion  (c). 

Wound-granulations  may  also  ne- 
crose in  the  same  way  as  do  inflamed 
mucous  membranes,  so  that  one  may 
also  speak  of  wound-diphtheria. 

Acute   tissue-necroses   caused  by        ^     ,„„ 

•  .  £      i-                    -I               J   •      J.1        •    i.           1  FiGc  193.— An  area  of  diphtheritic  necrosis  in 

iniection  are  observed  m  the  internal  the  interior  of  a  swollen  mesenteric  gland  taken 

orp-rnm phipflv    in     fhft      Ix^rmiliMtip  from  a  typhoid-fever  patient.    (Alcohol;   fibrin 

organs         cnieny    in     ine       IJ  mpnailC  stain.)     Network  of  fibrin  between  the  necrotic 

glands  (Fig.  193),  the  spleen,  and  the  ce^ls.    Magnified  300  diameters. 

bone-marrow — and  are  characterized 

by  the  formation  of  partly  opaque  grayish-white  or  yellowish-white  or 
dirty -gray  sloughs.  It  is  not  an  unusual  thing  to  find  fibrinous  exu- 
dations (Fig.  192,  d,  and  Fig.  193)  in  the  interior  of  a  mass  of  necrotic 
tissue. 

In  the  necrosis  caused  by  tuberculosis  the  destruction  of  the  tissue 
occurs  only  gradually  and  bears  the  character  of  a  caseation. 

When  an  inflammatory  focus  contains  bacteria,  which  excite  a  putrid 
decomposition  of  the  albuminoid  bodies,  the  inflammation  may  also 
bear  a  gangrenous,  fouNsmelling  character,  the  tissue  then  decompos- 
ing into  a  dirty-gray  or  black  tinder-like  mass,  which  gradually  dis- 
solves and  exhales  an  extremely  disagreeable  odor.  Gas-bubbles  are 
also  sometimes  developed  in  the  focus. 


II.  The  Processes  of  Repair  and  the  Proliferation  of  the  Tissues.— 
Formation  of  Granulation  and  Cicatricial  Tissues. — Absorption 
of  Exudates  and  Tissue=Necroses,  and  Substitution  of  Connec= 
tive  Tissue  for  Them. 

§  99.  When  an  inflammation — that  is,  a  tissue-degeneration  associ- 
ated with  formation  of  exudate — exists  in  any  tissue,  there  always  arise, 
earlier  or  later,  processes  whose  object  is  to  remove  the  changes  estab- 
lished and  to  restore  the  degenerated  tissue,  and  which  must  therefore 
be  regarded  as  processes  of  repair.  If  the  cause  which  has  excited  the 
inflammation  is  no  longer  present,  these  processes  consist  really  in  this : 
that  the  pathological  exudation  ceases  and  is  replaced  by  a  normal  vas- 
cular secretion;  that  the  exudate  present  and  the  necrosed  tissue  are 
absorbed  or  cast  out;  and  that  the  tissue  destroyed  is  restored.  If  the 
excitant  of  the  inflammation  is  still  present  and  active  in  the  tissue,  this 
must  also  be  excreted  or  rendered  inert. 

The  cessation  of  the  alteration  of  the  vascular  walls  is  attained  by 
supplving  normal  blood  to  the  injured  vessels,  so  that  their  nutrition 
16 
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again  becomes  normal.  If  the  alteration  was  slight,  and  if  the  excitant 
of  inflammation  acted  only  for  a  short  time — if  it  is  the  case,  for  exam- 
ple, only  of  the  brief  action  of  a  trauma  or  high  temperature  or  a  chemi- 
cal substance  that  was  quickly  removed — restoration  of  the  vessels  may 
also  result  in  a  short  time — i.e.,  in  a  time  that  may  be  measured  in  min- 
utes and  hours. 

When  the  excitant  of  inflammation  acts  for  a  considerable  length  of 
time,  as  in  the  case  of  bacteria  which  remain  and  multiply  in  the  tissues 
for  some  time,  or  if  changes  are  established  b}'  the  inflammation  itself 
which  act  in  such  a  manner  as  to  alter  the  vessels — if  there  has  been,  for 
example,  a  tissue-necrosis — the  vessels  continue  for  quite  a  long  time  to 
experience  an  injury  which  hinders  the  complete  restoration  of  their 
functions. 

The  absorption  of  the  exudate  occurs  in  many  cases  easily  and 
quickly,  because  it  is  taken  up  by  the  lymphatic  circulation.  It  occurs 
most  quickly  in  serous  exudates ;  yet  in  many  places  fibrinous  exudates 
also  may  be  quite  rapidly  removed,  but  only  when  the  coagula  soon 
liquefy.  Firm  fibrinous  exudates,  as  they  occur  especially  on  serous 
surfaces,  and  also  large  collections  of  pus,  generally  offer  considerable 
resistance  to  absorption,  and  are  the  cause  of  the  prolonged  duration  of 
the  inflammation,  although  the  character  of  this  may  change  from  what 
it  was  at  first.  In  very  many  cases  absorption  is  accomplished  by  the 
simultaneous  substitution,  for  the  exudate,  of  embryonic  tissue,  which  is 
converted  later  into  connective  tissue. 

The  sequestration  and  absorption  of  necrosed  tissue,  with  the  ex- 
ception of  the  casting  loose  of  dead  epithelium,  which  may  be  very 
quickly  accomplished,  always  requires  a  long  time,  which,  however, 
varies  verj^  considerably  with  the  nature,  situation,  and  extent  of  the 
dead  tissue.  The  inflammation  generally  lasts  as  long  as  necrotic  tissue 
is  still  present.  Superficial  necrosed  tissues  may  he  cast  off  after  the  sepa- 
ration of  the  dead  from  the  living — i.e.,  after  sequestration.  In  deep- 
seated  tissue-necroses,  in  which  the  tissue  does  not  soon  undergo  total 
liquefaction,  absorption  is  generally  slow,  and  is  performed  by  a  grad- 
ual substitution  of  living  tissue  for  the  dead. 

The  regeneration  of  degenerated  tissue  is  dependent,  for  its  occur- 
rence, partly  on  the  degree  and  extent  of  the  degeneration,  partly  on  the 
nature  of  the  tissue,  partly  on  the  mode  of  action  of  the  excitant  of  the 
inflammation. 

When  the  tissue-cells  in  the  neighborhood  of  the  inflammation  are 
only  slightly  degenerated,  they  can  soon  be  restored  when  the  nutrition 
is  normal.  When  single  cells  have  been  destroyed,  but  the  organization 
of  the  whole  is  not  damaged,  in  most  tissues  a  rapid  renewal  of  cells  by 
regenerative  growth  of  the  remaining  cells  may  occur.  This  is  the  case 
particularly  in  the  various  connective-tissue  formations,  the  superficial 
epithelium,  the  liver,  and  the  kidneys ;  while  ganglion-cells,  bone-cells, 
cartilage-cells,  and  heart-muscle  cells  possess  either  no  power,  or  at 
most  a  very  slight  power,  of  regeneration  (cf.  Chapter  Y.).  Extensive 
tissue-destructions  with  solutions  of  continuity,  wounds,  fractures,  sup- 
purations, necrosing  inflammations,  etc.,  lead  to  tissue-developments 
which  are  indeed  competent  to  repair  the  defect,  but  which  lead  gener- 
ally not  to  a  restoration  of  the  normal  tissue,  but  to  the  formation  of  a 
deteriorated  tissue,  that  is  called  in  its  young  condition  granulation 
tissue,  in  its  complete  development  cicatricial  tissue.  Of  the  same 
character  is  also  the  tissue  which  is  substituted  in  the  course  of  time 
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for  the  exudates  that  are  not  readily  absorbed,  and  for  the  tissue- 
necroses. 

With  the  occurrence  of  regenerative  growth  and  granulation,  a  new 
phenomenon  appears  in  the  course  of  inflammation,  and  gives  to  the 
inflammation,  later  on,  a  special  character,  so  that  one  calls  it  a  prolif- 
erating inflammation. 

The  phenomena  of  proliferation  begin  in  inflamed  tissues,  at  the 
earliest,  after  eight  hours,  but  are  generally  first  clearly  recognizable 
after  twenty-four  or  forty -eight  hours  have  elapsed. 

They  occur  in  general  the  more  quickly  the  milder  the  inflammation 
is  and  the  faster  the  pathological  exudation  is  subdued  or  diminished. 
Suppuration,  necrosis,  and  gangrene  of  the  tissue  hinder  its  prolifera- 
tion, and  retard  the  beginning  of  repair  proportionately,  or  at  least  con- 
fine the  reparative  processes  to  the  neighboring  tissues. 

Every  tissue  capable  of  growth  furnishes  formative  cells  only  for 
a  tissue  like  or  closely  allied  to  it.  Pus-corpuscles  are  not  formed  from 
the  tissue-cells,  but  cells  newly  developed  from  the  tissue-cells  by  23rolifera- 
tion  may  become  mixed  luitli  the  exudate,  degenerate  in  it,  and  die.  Thus 
not  all  cells  newly  developed  by  proliferation  can  fulfil  their  function  of 
producing  new  tissue. 

The  removal  of  the  excitant  of  inflammation  takes  place  very  dif- 
ferently in  different  cases,  and  depends  in  the  first  place  on  the  nature 
of  the  excitant.  Many  traumatisms  and  thermal  influences  act  for  only 
a  very  short  time,  and  have  no  further  influence  on  the  later  course  of 
the  inflammation.  Many  substances  which  act  chemically  may  be 
quickly  taken  up  by  the  tissue-juices  and  made  inert  or  excreted,  while 
others  remain  locally  active  a  longer  time.  Of  the  bacteria  which  pro- 
duce inflammation,  many  die  soon,  while  others  remain  and  constantly 
form  new  generations,  which  also  continualh^  renew  inflammation ;  gen- 
erally, it  is  true,  in  such  a  way  that  in  the  first  diseased  focus  the  in- 
flammation subsides  and  healing  begins,  while  in  the  neighborhood,  or 
even  in  distant  regions,  metastatic  inflammations  develop. 

On  account  of  the  great  variation  which  exists  both  in  the  nature 
and  in  the  qualities  of  the  excitants  of  inflammation,  as  well  as  in  the 
course  of  the  inflammatory  tissue-degenerations  and  of  the  exudate,  and 
in  the  course  of  the  processes  of  repair,  it  is  easy  to  comprehend  that 
the  whole  progress  of  an  inflammation  to  the  final  healing  may  be  of  a 
very  different  character  in  different  cases,  so  that  all  the  different  pos- 
sibilities of  its  course  can  hardly  be  reviewed.  At  the  same  time  it  is 
not  difficult  to  comprehend  the  decline  of  the  various  forms  of  inflam- 
mation, because  ultimately  the  entire  process  is  always  made  up  of 
similar  processes — i.e.,  of  tissue-degenerations  and  pathological  exu- 
dates that  form  the  essence  of  inflammation,  and  of  processes  of  repair 
that  are  appropriate  for  the  removal  of  the  disturbances  established  by 
the  inflammation. 

Many  authors  consider  the  tissue-proliferations  which  arise  during  the  course  of  in- 
flammation as  also  constituting  an  essential  part  of  inflammation.  For  example,  Neu- 
mann groups  under  the  term  inflammation  all  those  phenomena  which  develop  locally 
after  a  primary  tissue-lesion  and  are  directed  to  the  healing  of  this  lesion.  If  this  be 
so,  regeneration  forms  the  most  important  part  of  the  inflammatory  process,  for  it  is 
preeminently  fitted  to  restore  the  defect  of  tissue  caused  by  the  primary  tissue-lesion, 
or,  as  Neumann  says,  the  uninterrupted  continuity  of  the  tissues.  Such  an  identifica- 
tion of  inflammation  with  tissue-regeneration  I  hold  as  inadmissible,  in  the  first  place 
because  tissue-regenerations  occur  which  clinically  and  anatomically  in  no  way  bear  the 
characters  of  an  inflammatory  process.     Then  also  the  inflammatory  pathological  exu- 
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dates  cannot  be  regarded  as  a  phenomenon  that  can  be  compared  to  regeneration,  and 
that,  like  it,  has  for  an  end  the  healing  of  a  primary  tissue-lesion.  Even  if  they  may 
act  benignly  in  individual  cases,  yet  this  is  not  always  the  case.  They  cause  much 
more  often  serious  damages,  which  increase  those  established  by  the  primary  tissue- 
lesion,  and  often  enough  they  form  hindrances  to  the  early  beginning  of  healing. 

In  my  opinion,  all  processes  of  healing,  including  also  tissue-proliferation,  are  the 
very  common  results  of  an  inflammatory  distm-bance  in  the  tissues,  but  they  do  not  con- 
stitute the  essential  feature  of  an  inflammation.  At  the  same  time  one  may  properly 
speak  of  inflammatory  tissue-growth  or  of  proliferating  inflammation^  for  by  these  terms 
are  understood  tissue-growths  which  are  connected  with  inflammation  and  run  their 
course  simultaneously  with  progressing  inflammatory  exudation  ;  in  other  words,  they 
are  inflammations  during  whose  course  regenerative  tissue-growths  have  already  de- 
veloped. 

§  100.  The  granulation  tissue  which  forms  in  the  course  of  numer- 
ous inflammatory  processes  exhibits  nothing  else  than  an  embryonic 
tissue  formed  by  cell=proliferation  and   infiltrated  with  leucocytes. 

Primarily  the  tissue  consists  actually  of  cells  and  newly  formed  vessels, 
which  at  first  depend  for  their  support  upon  the  ground  substance  of 
the  tissue  from  which  they  develop,  but  soon  form  for  themselves  a 
new  ground  substance. 

The  cells  of  granulation  tissue  are  partly  hypertrophied  tissue-cells 
(Fig.  194,  b,  c,  d),  partly  mono=  and  polynuclear  leucocytes  {a,  aj.  In 
most  cases  the  hypertrophied  cells  are  connective-tissue  cells,  which 
later  on  produce  connective  tissue  (Fig.  194,  d,  e),  and  may  therefore 
be  termed  fibroblasts.  Granulation  tissue,  however,  may  contain  the 
offspring  of  other  tissues,  e.g.,  of  periosteal  tissue,  medullary  tissue, 
muscle-tissue — or  osteoblasts,  cliondroblasts,  and  sarcoblasts — which  are 


Fig.  194:.— Isolated  cells  from  a  wound-granulation.  (Müller's  fluid ;  picrocarmine.)  a.  Mononuclear 
leucocytes ;  Oi,  i)olynuclear  leucocytes ;  b,  various  forms  of  mononuclear  formative  cells ;  c,  binuclear  forma- 
tive cells;  C],  polynuclear  formative  cells;  rf,  formative  cells  in  jhe  stage  of  connective-tissue  formation; 
e,  completed  connective  tissue.    Magnifled  500  diameters. 


able  to  form  bone-,  cartilage-,  and  muscle-tissue.  There  may  also  be 
found :  in  or  upon  the  granulation  tissue,  within  newly  formed  glands, 
glandular  epithelial  cells;  in  mucous  membranes  and  the  integument, 
covering  epithelial  cells ;  and  these  are  able  forthwith  to  form  epithelial- 
tissue  structures.     The  formative  cells  of  granulation  tissue  may  move 
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away  from  the  places  of  their  origin,  and  are  thus  in  a  certain  sense 
loandering  cells.  In  the  formation  of  connective  tissue  they  take  on  the 
most  varied  shapes  (Fig,  194,  c,  d,  e).  Sometimes  poly  nuclear  cells  also 
form  (Cj).  They  are  distinguished  by  their  large,  bright,  oval  nuclei, 
which,  being  less  deeply  stained  by 
nuclei-staining  dyes,  are  thus  distin- 
guished from  the  nuclei  of  leucocytes, 
which  are  very  deeply  stained.  The 
formative  cells  of  connective  tissue  are 
often  termed  epithelioid  cells  on  account 
of  their  resemblance  to  exnthelial  cells. 
The  leucocytes  of  granulation  tis= 
sue  are  cells  that  have  migrated  from        ^,^^  195.  -  Biood-veLi  from  the  deep 

the    blood-vessels,    and   from  their  pres-  layer   of  the    skm  cut  transversely,  forty 

. .  T  1     1     1    i.1     J.   Ji         •  hours  after  painting  the  skin    of  a  rabbit 

ence    it    may    be   COnciUaecl    tnat   tne    m-  with  tincture  of  iodine.     (Flemming's  mix- 

flammQfnrT^"  AYnrlafinn    f-rnm     flick  v<:iaaAla  ^ure;    safranin.)      a.  Endothelial  cells  with 

nammator^  exuaation  irom  tne  \esseis     mitoses;  0,  61,  leucocytes.    Magnified  a50 

still    continues.      Their    number    may      diameters. 

also  be  regarded  in  general  as  an  index 

of  the  degree  of  the  still  existing  inflammation,  which  complicates  the 

recovery. 

The  blood= vessels  of  granluation  tissue  develop  by  sprouting  from 
old  vessels  (cf.  Fig.  153),  and  permit  one  very  soon — indeed,  at  the 
time  when  an  emigration  of  leucocytes  occurs  (Fig.  195,  h) — to  rec- 
ognize processes  of  proliferation  ia) ;  and  in  the  formation  of  granula- 
tion tissue  they  take  on  a  very  lively  growth.  The  young  embryonic 
tissue  is  in  consequence  supplied  with  unusually  abundant  vessels, 
which  make  it  appear  red.  At  the  time  of  the  change  of  the  granulation 
tissue  into  connective  tissue  or  cicatricial  tissue  an  obliteration  of  the 
vessels  occurs,  and  with  it  a  blanching  of  the  cicatrix. 

§  101.  If  an  open  w^ound  occurs  on  any  part  of  the  surface  of  the 
body,  and  if  it  is  not  infected  by  bacteria  or  seriously  injured  in  any 
other  way,  its  walls  and  base  after  twenty-four  hours  appear  deeply 
reddened  and  somewhat  swollen.  One  can  still  clearly  recognize  the 
individual  components  of  the  tissue,  only  the  tissue  appears  somewhat 
infiltrated,  and  here  and  there  one  sees  small  shreds  of  necrotic  tissue. 
On  the  second  day  the  gelatinous  condition  of  the  tissues  is  more  ap- 
parent. The  limits  of  the  individual  tissue-elements  are  confused,  the 
color  is  grayish-red.  On  the  wound  lies  a  reddish-yellow  fluid.  After  the 
second  day  there  appear  over  the  whole  wound  small  red  papules,  which 
rapidly  increase  in  number  and  size,  become  confluent,  and  after  two  or 
three  days  form  a  granular  red  surface — a  granulation  surface.  This 
is  covered  with  more  or  less  abundant  wound-secretion,  that  forms  a 
gray,  gelatinous  layer,  later  a  more  yellow,  creamy  one.  The  latter 
consists  of  a  coagulahle  exudate  rich  in  albumin ;  and  numerous  round 
cells,  that  usually  have  two  or  three  round  nuclei,  are  termed  ^2^^'^" 
corpuscles,  and,  being  incapable  of  further  development,  undergo  de- 
struction. 

The  changes  which  the  surface  of  the  wouncl  shows  are  caused,  in 
the  first  two  days,  by  local  hyperaemia  and  infiltration  of  the  tissue  with 
cellular  and  fluid  exudate,  and  by  the  imbibition  and  liquefaction  of  the 
tissue.  After  that  there  is  joined  thereto  a  tissue-growth  and  new 
formation  of  vessels,  which  lead  to  the  formation  of  vv^ound=granula= 
tions.     After  a  few  days  there  will  be  found  to  have  developed  in  the 
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wound  an  embryonic  tissue  (a),  abounding  icith  ivide  vessels  (Fig.  196,  c), 
and  consisting  of  fibroblasts  and  leucocytes,  tvhile  a  fibrillary  ground  sub- 
stance also  appears  very  soon.  The  leucocytes  which  generallj^  belong  to 
the  poly  nuclear  form  are  found  in  all  layers  of  fresh  granulations,  but 
are  massed  especially  in  the  superficial  strata,  and,  embedded  in  fibrin, 
cover  over  the  granulation  surface  (b) . 

The  freshly  formed  fibroblasts  are  round  cells ;   but  later  there  de- 
velop cells  partly  club-shaped,  partly  spindle-shaped,  partly  with  many 

branches,  which  are  combined 


together  in  various  ways  (Fig. 
194,  />,  (',  d).  At  the  same 
time  the  number  of  large  for- 
mative cells  increases,  so  that 
they  finally  suri^ass  the  small 
round  cells  in  number,  and  in 
places  lie  close  together. 
When  their  number  has 
reached  a  certain  point,  the 
develoj^jment  of  connective  tis- 
sue begins — i.e.,  the  formation 
of  the  fibrillar^'  intercellular 
substance  (Fig.  194,  d,  e,  and 
Fig.  196,  a) — which  is  perfect- 
ed in  the  manner  described 
in  s<  89.  When  there  is  a  cer- 
tain abundance  of  fibrillse  the 
formation  of  bundles  of  fibres 
arrests  the  process;  the  re- 
mainder of  the  formative  cells, 
with  their  nuclei,  remain  as 
fixed  connective-tissue  cells 
(Fig.  194,  e),  and  attach  them- 
selves to  the  surface  of  the 
bundles  of  fibrillae.  The  proc- 
ess has  then  reached  its  con- 
clusion— the  granulation  tissue 
has  become  cicatricial  tissue. 

In  open  wounds  of  the  in= 
tegument,  when  infections  do 
not  disturb  the  course  of  the 
healing,  the  formation  of  granulations  usualh^  lasts  until  the  wound 
is  again  covered  over  with  epithelium.  The  regeneration  of  the  latter 
proceeds  from  the  edges ;  the  epithelium  gradually  pushing  itself  over 
the  granulations  (Figs.  169  and  170).  With  the  formation  of  connective 
tissue  the  reproductive  processes  in  reality  terminate,  but  in  the  cicatri- 
cial tissue  processes  of  transformation  continue  for  a  considerable 
period  longer.  Shortly  after  its  formation  the  cicatrix  is  still  rich  in 
blood,  and  therefore  looks  red ;  later  it  loses  a  part  of  its  blood-vessels 
by  obliteration,  becomes  pale,  and  at  the  same  time  contracts  to  a  volume 
smaller  than  the  original.  Large  cicatrices  of  the  integument  exhibit 
for  a  long  time  a  smooth  surface,  for  the  papillae  are  not  reformed,  or  only 
incompletely  (Fig.  170,  c).  The  scar-tissue  itself  remains  for  several 
months  abnormally  rich  in  cells  (Fig.  170,  d),  but  approaches  in  its  struc- 
ture more  and  more  to  the  connective  tissue  from  which  it  originated. 


Fig.  196.— Wound-granulations  from  an  open  wound, 
with  flbrino-purulent  surface  deposit.  (Mviller's  fluid; 
haematoxylin.)  a.  Granulation  tissue :  b,  flbrino-puru- 
lent layer ;  c,  blood-vessels.    Magnified  150  diameters. 
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When  the  repair  of  a  wound  takes  place  in  such  a  manner  that  the 
defect  is  closed  by  the  formation  of  a  granulating  tissue  visible  to  the 
unaided  eye,  it  is  termed  repair  by  second  intention. 

The  repair  of  incised  wounds  of  the  skin,  whose  edges,  united  by 
sutures,  grow  together  by  the  luay  hiown  as  healing  by  first  intention,  occurs 
in  essentially  the  same  way  as  repair  of  an  open  wound  by  second  in- 
tention ;  but  the  processes  of  inflammation,  proliferation,  and  forma- 
tion of  new  tissue  are  less  apparent,  partly  because  they  occur  below 
the  skin,  partly  because  their  extent  and  intensity  are  less. 

The  result  of  such  a  cut  is  alwavs  a  more  or  less  abundant  exudation 
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Fig.  197.— Repair  of  an  incised  wound  of  the  skin  united  by  suture.  Preparation  shows  condition  on  the 
sixth  day.  (Flemming's  mixture :  safranin.)  o.  Epidermis;  b,  corium;  c,  fibrinous  exudate :  Ci,  bloody 
exudate ;  (/,  newly  formed  epidermis,  which  contains  numerous  figures  of  dividing  nuclei  and  has  plugs  of 
epithelium  driven  into  the  subjacent  exudate ;  c,  karyokinetic  figures  in  epithelium  remote  from  the  incision ; 
/,  growing  embryonic  tissue,  which  develops  from  the  connective-tissue  spaces  and  contains  cells  with 
karyokinetic  figures  and  some  vessels  with  proliferating  walls ;  g,  proliferating  embryonic  tissue  with  leu- 
cocytes ;  7i,  collection  of  leucocytes  in  the  deepest  angle  of  the  wound ;  i,  fibroblasts  lying  within  the  exudate, 
one  with  a  karyokinetic  figure ;  k.  sebaceous  gland ;  ?,  sweat-gland.    Magnified  80  diametei's. 


on  the  surfaces  of  the  wound,  this  exudation  producing  a  coagulated 
material,  often  containing  blood  (Fig.  197,  c,  c^  that  holds  together 
the  opposing  surfaces  of  the  wound.  There  also  occurs  very  often  an 
inflammatory  infiltration  of  the  edges  of  the  wound,  which  varies  in 
degree  in  different  cases,  and  when  the  course  of  repair  is  aseptic,  it  is 
never  very  extensive  {g,  h),  being  greatest  about  the  second,  third,  or 
fourth  day,  growing  less  from  the  fifth  to  the  seventh,  and  completely 
disappearing  at  or  soon  after  the  eM  of  the  second  week.  The  inflam- 
matory infiltration  is  generally  greater  in  the  neighborhood  of  the 
wound-sutures  than  elsewhere. 
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As  early  as  on  the  second  day,  regenerative  proliferative  processes 
begin  in  the  connective  tissue  and  vessels,  and  lead,  in  the  course  of 
several  days,  to  the  formation  of  an  embryonal  tissue,  which  is  situated 
partly  in  the  spaces  of  the  connective  tissue  at  the  edges  of  the  wound 
(Fig.  197,  /),  partly  in  the  open  space  of  the  wound  itself  ({) ;  and  here 
the  new  tissue  gradually  grows  into  the  coagulation-mass  which  is  pres- 
ent, and  replaces  it.  In  different  parts  of  the  wound  this  tissue  is  usu- 
ally present  in  very  different  quantity  (Fig.  197),  and  may  be  entirely 
absent  in  places.  After  several  days,  whose  number  varies  considerably 
according  to  the  size  of  the  wound,  the  thickness  of  the  exudate  be- 
tween the  edges  of  the  wound,  and  the  intensity  of  the  proliferation,  a 
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Fig.  198.— Cutaneous  portion  of  a  laparotomy  cicatrix  (sixteen  days  after  tbe  operation).  (Müller's  fluid ; 
Van  Gieson's  mixture.)  a,  Epithelium :  &,  corium ;  c,  subcutaneous  adipose  tissue ;  d,  cicatrix  in  the  corium ; 
e,  new  epithelial  covering ;  /,  cicatrix  in  the  adipose  tissue.    Magnifled  40  diameters. 


blending  takes  place  between  the  masses  of  embryonal  tissue  that  have 
developed  from  the  edges  of  the  wound,  and  later  this  is  followed  by  a 
formation  of  young  connective  tissue,  which  joins  the  edges  of  the 
wound  together,  and  at  the  same  time  extends  into  the  old  tissue,  so 
that  the  limits  between  old  and  new  grow  more  and  more  dim. 

While  connective  tissue  is  being  newly  formed  in  the  depth,  the 
epithelial  covering  on  the  surface  is  also  regenerated  (Fig.  197,  d)  by 
the  occurrence  here  and  there  in  the  epithelial  covering  of  the  edges  of 
the  wound,  of  a  division  of  the  epithelial  cells  (d,  e).  As  a  result  of 
this  the  epithelium  gradually  pushes  across  the  exudate  in  the  wound- 
opening,  covers  over  the  young  embryonal  tissue,  and  after  a  time  again 
forms  a  horny  layer. 

The  young  connective  tissue  of  the  cicatrix  that  unites  the  edges  of 
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Fig.  199.— Fibrin-deposit  and  beginning  formation  of  granulations 
In  a  fibrinous  pericarditis  five  days  old.  (Müller's  fluid  ;  hgematoxy- 
lin.)  a,  Epicardium;  6,  fibrinous  membrane;  c,  dilated,  congested 
blood-vessel ;  d,  round  cells  infiltrating  the  tissue ;  e,  lymphatic  vess^ 
filled  with  cells  and  coagula ;  /,  formative  cells  vtithin  the  deposit. 
Magnified  150  diameters. 


the  wound  is  distinguishable  for  a  long  time,  by  its  richness  in  cells 
(Fig.  198,  d)  as  well  as  by  the  finer  fibrillation  of  its  ground  substance, 
from  the  surround- 
ing old  cutaneous  _._  *f  ,^:^;..  / 
tissue.  In  large  in- 
cised wounds  of  the 
skin  (Fig.  198)  one 
can  find  here  and 
there,  after  the  lapse 
of  weeks  or  even 
months,  slight  ap- 
pearances of  prolifer- 
ation and  inflamma- 
tion (e).  In  general, 
however,  trans- 
formation  processes 
develop  gradually  in 
the  blanching  scar, 
and  as  a  result  this 
new  tissue  ap- 
proaches  closer  and 
closer  to  the  normal, 

until  finally  the  place  of  the  incision  can  no  longer  be  easily  recognized. 
When,  however,  the  wound  heals  by  the  interposition  of  abundant  em- 
bryonal tissue,  a  lack  of  the  papillge  may  persist  (Fig.  198,  e),  so  that 
the  region  of  the  wound  remains  smooth. 

§  102.  When  an  adherent  layer  of  fibrin  (h)  occurs  on  the  surface  of 

an  inflamed  serous  membrane  (Fig.  199,  a),  granulation  formations 

generally    develop     very 

c 


quickly  underneath  it. 
Their  first  beginnings 
can  be  observed  as  early 
as  on  the  fourth  day  after 
the  formation  of  the  fibri- 
nous deposit,  and  they 
consist  at  first  of  the  ap- 
pearance of  fibroblasts  {/) 
in  the  deepest  layers  of 
the  fibrin  membrane. 
The  fibroblasts  result 
from  a  proliferation  of 
the  tissue-cells  of  the 
affected  membrane,  these 
cells  having  wandered, 
later  on,  to  the  surface 
and  penetrated  into  the 
crevices  of  the  fibrin. 
Upon  this  phenomenon 
follows  presently  a  new 
formation  of  vessels,  and 
in  the  course  of  days  and 
weeks  there  is  developed,  on  the  surface,  a  vascular  embryonal  tissue  or 
granulation  tissue,  which,  in  case  of  a  compact  structure  of  the  fibrin- 


FiG.  200.— Proliferation  of  granulations  in  the  pleura,  after 
bronchopneumonia  and  pleuritis,  lasting  fourteen  days.  (Alcohol ; 
Van  Gieson's  mixture.)  a,  Hyperaemic  and  infiltrated  pleura; 
b,  vascular  granulation  tissue ;  c,  fibrin ;  d,  pus-c«lls  and  granules 
of  precipitated  albumen.    Magnified  200  diameters. 
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deposit,  lifts  up  this  layer  in  toto  (Fig.  200,  h,  c) ,  in  case  of  a  more  open 
structure  of  the  fibrin-membrane,  insinuates  itself  into  its  interstices 
(Fig.  199,/,  and  Fig.  201,  b,  d),  and  in  course  of  time  occupies  the 
place  of  the  fibrin.  Residual  portions  of  fibrin  (Fig.  201,  c),  neverthe- 
less, remain  within  the  granulation  tissue  for  a  long  time,  even  for 
weeks  and  months. 

In  the  formation  of  the  granulation  tissue,  and  in  the  structure  of 
the  cicatricial  tissue,  the  epithelium  of  the  serous  membranes  has  no 
share;  inasmuch  as  it  produces  no  fibroblasts.  On  the  other  hand,  the 
products  of  inflammatory  proliferation  acquire  a  covering  of  epithelium 
later  on. 

The  final  result  of  the  process  is  the  formation  of  connective  tissue, 

which  causes  either  only  a 
thickening  of  the  fibrin-cov- 
ered serosa,  or  an  adhesion 
of  opposing  surfaces  of  the 
serous  membrane,  so  that  the 
inflammation  is  termed  ad- 
hesive. 

The  result  in  individual 
cases  dejjends  partly  on  the 
abundance  of  the  fibrinous 
deposit,  partly  on  tlie  situa- 
tion of  the  affected  organ, 
and  its  condition  during  the 
process  of  recovery- . 

Small  deposits  of  fibrin, 
limited  to  one  surface  of 
the  serous  membrane,  lead 
only  to  thickening  of  the 
membrane,  which,  growing 
pale  with  the  disappearance 
of  the  vessels,  presents  a 
white  thickening  that  is 
very  often  called  a  milk- 
jxdch  or  a  tendinous  spot. 
Firm  gluing  together  of  two 
serous  laminae  by  an  abun- 
dant deposit  of  fibrin  may 
also  lead  to  their  becoming 
united  hj  abundantly  developed  connective  tissue.  With  a  smaller 
quantity  of  fibrin,  and  repeated  rubbing  past  one  another  of  the  mem- 
branes, there  are  generally  formed  only  loose  membranous  or  filamentous 
adhesions,  which  still  permit  the  serous  surfaces  to  glide  over  one  an- 
other. Very  large  quantities  .of  y?^?'//^  may  also  at  times  partly  resist 
absorption,  so  that  they  persist  in  the  newly  formed  connective  .tissue 
and  then  generally  become  calcified. 

Coagulated  exudates  in  the  lung  are  generally  soon  liquefied  and  ab- 
sorbed ;  yet  their  removal  in  this  manner  may  be  associated  with  con- 
nective-tissue proliferation,  which  terminates  in  induration  of  the  lung. 

Hasses  of  coagula  weithin  the  vessels,  which  are  termed  thrombi, 
give  rise,  when  no  infection  intervenes,  to  an  inflammatory  proliferation 
of  the  vessel- walls,  a  proliferating  vasciditis — i.e.,  a  process  which  is  as- 
sociated with  cell-migration,  and  which  exactly  corresponds  to  the  in- 
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Fig.  201.— Formation  of  granulations  within  a  fibrinous 
deposit  in  pericarditis  several  weeks  old.  (Müller's  fluid ; 
haematoxylin  ;  eosin.)  a,  Epicardium  ;  6,  deposit  on  the  epi- 
cardium,  consisting  of  granulation  tissue,  d,  and  flbrio,  c. 
Magnified  45  diameters. 
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flammatory  proliferation  of  the  serous  membranes.     It  is  entirely  imma- 
terial whether  the  thrombus  has  been  caused  by  a  preceding  inflaramatory 
process   or    by  any 
other       conditions;  ^.j^-^-i^r'' 

for  the  presence  of 
the  coagulated  mass 
is  itself  sufficient  to 
produce  inflamma- 
tion and  tissue-pro- 
liferation. 

The  first  change 
which  is  introduced, 
in  the  replacement 
of  a  thrombus  by 
connective  tissue, 
is  here  also  the  ap- 
pearance of  fibro- 
blasts (Fig.  202, 70, 
which  arise  from 
the  vessel-wall,  and 
later,  with  the  aid 
of  vessels  that  grow 
in  from  the  vessel- 
wall  and  its  neigh- 
borhood, form  an 
embryonal  tissue 
that  is  finally  con- 
verted into  connec- 
tive tissue.  The  complete  replacement  of  an  obstructing  thrombus  or 
embolus  results  in  the  obliteration  of  the  lumen  of  the  vessel  by  vascu- 
lar connective  tissue  (Fig.  204,  g).  Keplacement^  of  a  peripheral  throm- 
bus, on  the  other  hand,  results  in  fibrous  thickening  of  the  wall.  Owing 
to  incomplete  replacement  and  liquefaction  of  the  part  not  replaced,  there 


Fig.  202.— Development  of  embryonal  tissue  In  a  thrombosed  femoral 
artery  of  an  old  man,  three  weeks  after  ligation.  (Alcohol ;  haematoxylin.) 
a.  Media;  6,  elastic  boundary  layer:  c,  intima  thickened  by  old  chronic 
inflammatory  processes :  d,  coagulated  blood ;  e,  cellular  inflltration  of  the 
media ;  /,  the  same  of  the  intima  ;  (/,  round  cells  partly  within  the  throm- 
bus, partly  between  the  latter  and  the  intima ;  h,  different  forms  of  for- 
mative ceils.    Magnified  300  diameters. 


Fig.  2a3.— Border  of  a  recent  hemorrhagic  infarct  of  the  lung.  CMiiller's  fluid  ;  haematoxylin  ;  eosin.) 
a,  Non-nucleated  alveolar  septa,  whose  capillaries  are  filled  with  hyaline  thrombi ;  7j,  nucleated  septa ; 
c,  vessels  filled  with  red  thrombi :  f7,  f/j,  alveoli  filled  with  coagulated  blood ;  c,  flbrino-cellular  exudate  la 
the  alveoli.    Magnified  100  diameters. 
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arise  strings  and  threads  of  connective  tissue,  which  cross  the  lumen 
of  the  vessel.  Calcification  of  the  parts  of  thrombi  which  are  not  re- 
placed by  connective  tissue  leads  to  the  formation  of  vascular  calculi. 

Necrotic  tissues,  which  cannot  be  sequestrated  and  discharged  exter- 
nally, are  also  replaced  by  vascular  connective  tissue  that  becomes 
changed  into  cicatricial  tissue  ;  and  this  replacement  is  accomplished 
in  the  same  way  as  in  the  case  of  the  fibrinous  exudates  and  thrombi. 
A  preliminary  condition  for  this  replacement  is  that  the  necrotic  tissue 
shall  contain  no  substances  (bacteria)  which  hinder  a  tissue-prolifera- 
tion and  produce  severe  inflammation.  For  the  rest,  it  is  immaterial 
how  the  necrosis  has  occurred,  and  whether  the  necrotic  tissue  is  free 
from  exudate  or  is  infiltrated  with  exudate  or  blood  (Fig.  203,  (/,  c/,). 
Under  these  conditions  the  first  phenomenon  leading  to  healing  is  the 
following :  the  inflammatory  infiltration  (e)  in  the  neighborhood  of  the 
necrosis  becomes  associated  with  a  tissue-i)roliferation,  which  produces 
granulation  tissue,  and  this  in  turn  grows  toward  the  necrosis  (Fig. 
204,  d,  e),  pushes  it  aside,  and  replaces  it.  If  this  process  is  not  dis- 
turbed by  any  influence,  even  extensive  tissue-necroses  may  disappear 
in  the  course  of  weeks  or  months,  and  be  replaced  by  connective  tissue. 
It  may  also  happen,  however,  that  certain  tissues  resist  absorption,  or 
that  the  development  of  granulations  stops  so  early  that  some  remains  of 
the  necrosis  persist  and  then  become  calcified. 

When,  owing  to  an  inflammation  or  an  ischemia  within  an  organ, 
only  the  more  sensitive  elements  die — for  example,  the  epithelia  or  the 
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Fig.  204.— Peripheral  portion  of  a  healing  infarction  of  the  lung.  (Müller's  fluid  ;  h^ematoxylin ;  eosin.) 
a,  Blood-extravasation  changed  into  a  granular,  yellowish  mass ;  6.  necrotic  alveolar  septa  without  nuclei  : 
c,  newly  formed  connective  tissue ;  d,  vascular  granulation  tissue  within  the  alveoli ;  e,  fibroblasts  within 
alveoli  containing  the  residue  of  the  hemorrhage :  f ,  arterv ;  g,  vascular  connective  tissue  formed  within  the 
artery  at  the  place  of  the  embolus.    Magnified  45  diameters. 

muscle-cells — while  the  connective  tissue  is  preserved,  the  absorption  of 
the  necrosis  is  performed  quickly,  and  in  a  short  time  there  develops  a 
scar  or  callus  of  connective  tissue  (Fig.  205,  e),  in  which  the  specific 
tissue-elements  are  lacking. 


PHAGOCYTOSIS ;  CHEMOTAXIS. 


289 


Pus  is  quickly  absorbed  from  small  abscesses,  and  the  defect  is  closed 
by  granulation  and  scar  tissue.      Large    amounts  of  pus  may  also  be 
absorbed   from   the 
cavities      of      the 
body  and  from  the 
lungs. 

Abscesses  cause 
a  development  of 
granulations  i  u 
their  neighborhood, 
and  this  leads  to 
the  formation  of  an 
abscess  membrane. 
The  cavity  may  be 
obliterated  by  the 
absorption  of  the 
pus  and  by  the 
growing  together  of 
the  granulating  ab- 
scess membrane ; 
and  so  the  abscess 
may  heal,  leaving  a 
scar  behind.  In- 
complete absorption 
may  lead  to  thick- 
ening of  the  pus, 
and  later  to  calcifi- 
cation of  the  residue. 
If  the  thickening  of 
the  pus,  however, 
does  not  occur,  the 
abscess  remains, 
and  may  increase  in  size  in  the  course  of  time  by  secretion  from  its  wall. 

Like  abscesses,  empyemata  may  heal  by  the  absorption  of  the  pus. 
At  the  time  of  absorption  the  tissues  inclosing  the  pus  produce  granu= 
lation  and  cicatricial  tissues,  which  may  attain  considerable  size  when 
the  absorption  takes  a  long  time.  When  incompletely  absorbed,  inspis- 
sated pus  may  calcify. 

Foreign  bodies,  so  far  as  they  are  capable  of  absorption  and  exert  no 
specific  influence  on  their  environment,  are  dissolved  and  replaced  by 
connective  tissue  in  the  same  way  as  are  tissue-necroses  or  masses  of 
fibrin. 


Fig.  205.— Callosity  of  heart.  Section  through  a  muscle  trabecula  that 
has  undergone  fibroid  degeneration.  (MüUer's  fluid;  hsematoxylin.) 
a.  Endocardium :  b,  transverse  section  of  normal  muscle-cells ;  c,  con- 
nective-tissue hyperplasia  rich  in  cells ;  d,  atrophic  muscle-cells  in  hy- 
perplastic connective  tissue  ;  e,  dense  connective  tissue  without  nuclei  or 
muscle-cells;  /,  veins,  in  whose  neighborhood  a  few  muscle-cells  still  re- 
main ;  g,  small  blood-vessels ;  7i,  small-celled  infiltration.  Magnified  40 
diameters. 


III.  Phagocytosis  Occurring  in  the  Course  of  Inflammations,  and 
the  Formation  of  Giant  Cells. — Chemotaxis. 


§  103.  When  small  foreign  bodies,  or  portions  or  particles  of  de- 
vitalized tissue,  are  found  in  the  human  body,  there  is  very  often  a 
marked  assembling  of  cells  at  their  place  of  deposition.  These  are,  first, 
leucocytes  which  have  migrated  from  the  vessels,  but  later  also  tissue-cells 
that  have  become  motile,  or  tJiat  are  proliferating,  wander  into  the  neigh- 
borhood of  the  foreign  body  or  of  the  remains  of  devitalized  tissue. 

According  to  the  researches  of  Leber,  Büchner,  Massart,  Bordet, 
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Gabritschewsky,  and  others,  it  is  certain  that  this  assembling  of  cells  is 
partly  brought  about  by  Chemotaxis — i.e.,  by  an  attraction  exerted  by 
fluid  materials  derived  from  the  foreign  bodies  or  from  the  particles  of 
devitalized  tissue;  but  doubtless  other  conditions  also  exert  an  influ- 
ence in  determining  the  spot  where  the  cells  are  to  assemble. 

If  the  materials,  while  still  undissolved,  reach  the  sphere  of  the 
motile  cells,  they  are  very  often  taken  up  by  them,  and  there  occurs  that 
phenomenon  which  is  termed  phagocytosis.  If  one  observes  the  proc- 
ess under  the  microscope — which  is  easy  to  do,  if  tissue-lymph  that  has 
been  taken  from  the  frog  and  that  is  rich  in  cells,  is  mixed  with  gran- 
ules of  soot — one  sees  that  the  motile  cells  pour  their  protoplasm,  if  one 
may  use  the  expression,  around  the  foreign  bodies,  and  absorb  them 
completely  into  their  protoplasm  bj'  the  union  of  the  pseudopodia  ex- 


FiG.  206,— Granular  cells  in  a  focus  of  degeneration  of  the  brain.  (Teased  preparation  treated  with 
osmic  acid.)  a.  Blood-vessel  with  blood ;  b,  media ;  c,  adventitia  with  Ijmaphatic  sheath ;  d,  unchanged 
glia-cells;  e,  fatty  glia-cells ;  /,  binuclear  glia-cells;  g.  sclerosed  tissue:  h,  round  cells;  hi,  round  cells  with 
single  droplets  of  fat;  h^,  fatty-granule  spheres;  hs,  pigmented-granule  spheres.    Magnified  300  diameters. 


tended  over  the  bodies.  Among  the  foreign  bodies  that  have  penetrated 
from  the  outside,  which  are  particularly  often  taken  up  by  the  leuco- 
cytes or  tissue-cells,  are  chiefly  the  various  forms  of  dust  (especially 
soot),  which  are  taken  into  the  lungs  with  the  respired  air,  and  bacteria. 
It  is  to  be  noted,  however,  that  phagocytosis  does  not  occur  in  all  infec- 
tions caused  by  bacteria,  but  is  rather  confined  to  special  infections, 
and  even  in  these  does  not  appear  in  all  stages  of  the  local  disease. 

Among  the  debris  of  tissues  one  finds  most  often  fat-droplets  (Fig. 
206,  Aj,  li.)  and  products  of  the  destruction  of  the  red  blood-corpuscles 
(Fig.  206,  \,  Fig.  208,  c,  and  Fig.  102).  These  products  of  destruction 
may  be  taken  up  by  the  cells  until  they  are  stuffed  with  them  and  con- 
verted into  large  granular  forms  that  are  iQYTHQdi  fatty-granule  spheres  2in.di 
'pigmented-granule  spheres.  Besides  fat  and  blood-pigment,  other  frag- 
ments of  tissue  also — as,  for  example,  particles  of  the  contractile  sub- 
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Fig.  207.— Phagocytes  from  granulating  tis- 
sue with  included  leucocytes  and  their  frag- 
ments. (Corrosive  sublimate ;  Biondi's  stain- 
ing mixture.)  a,  Round  fibroblast  with  two 
leucocytes ;  &,  swollen  spindle-shaped  connec- 
tive-tissue cell  with  one  leucocyte ;  c,  d,  e, 
fibroblasts  with  fragments  of  leucocytes.  Mag- 
nified 500  diameters. 


stance  of  muscle-cells  or  of  elastic  tissue-fibres  or  even  of  fibrin — may 
be  taken  up  by  the  cells.  The  cells  which  take  up  all  these  substances 
are  principally  tissue-cells  in  luxuriant  proliferation — fibroblasts,  osteo- 
blasts, sarcoblasts,  etc.  If  an  inflam- 
matory exudation  runs  its  course  at 
the  same  time  as  the  proliferation,  and 
if  the  proliferating  tissue  contains 
leucocytes,  these  may  also  he  taken  2ip 
hy  the  phagocytes  (Fig.  207,  a,  b,  c). 

The  substances  taken  up  by  the 
phagocytes  may  be  partly  dissolved 
and  destroyed  within  the  cells;  and 
this  is  true  particularly  for  the  leuco- 
cytes, which  gradually  disappear  in- 
side of  the  cell-protoplasm  of  the  pha- 
gocytes (Fig.  207,  c,  d,  e),  but  it  also 
holds  equally  for  various  fragments  of 

tissue,  except  blood-pigment  (Fig.  208,  c),  which  may  remain  a  long 
time  within  the  cells.  The  insoluble  substances  (soot)  behave  in  the 
same  way,  while  the  bacteria  taken  up  by  the  cells,  in  each  case  ac- 
cording to  their  vital  properties  and  the  condition  in  which  they  en- 
tered the  cells,  are  sometimes  dissolved  and  destroyed,  but  sometimes, 
on  the  other  hand,  remain  and  multiply  even  in  the  cells. 

The  cells  loaded  with  foreign  bodies  are  situated  at  first  at  the  place 
where  the  i)hagocy tosis  occurred,  but  they  may  also  migrate  farther  and 
enter  the  lymphatic  circulation  (Fig.  206,  c)  and  the  lymph-glands  (Fig. 
208),  and  later  also  the  blood,  from  which  they  are  deposited  principally 
in  the  spleen,  marrow  of  bone,  and  liver  (cf.  §§  17  and  18). 

If  the  foreign  bodies  which  havq  penetrated  into  the  body  from  the 
exterior,  or  the  dying  or  already  necrotic  fragments  of  tissue,  are  too 
numerous  to  be  taken  up  by  leucocytes  or  proliferated  tissue-cells,  there 
form  \erj  often,  in  the  granulation  tissue  that  develops  in  their  neigh- 
borhood, polynuclear  giant  cells,  which  arrange  themselves  on  the  sur- 
face of  the  foreign  body 
or  the  superfluous  mass 
of  tissue,  exactly  as  this 
occurs  on  the  part  of  os- 
teoclasts under  physio- 
logical conditions  (Fig. 
209,  d).  If  the  bodies 
are  not  too  large  they 
may  be  still  taken  up  by 
these  polynuclear  cells; 
in  the  other  case  the  cells 
remain  attached  to  the 
surface  and  produce  the 
gradual  dissolution  of 
soluble  substances  (e.g., 
strands  of  catgut,  frag- 
ments of  dead  muscle- 
fibres).  It  sometimes  happens  that  mononuclear  cells  take  up  small 
foreign  bodies  into  their  interior,  and  after  this,  by  division,  their  nuclei 
become  polynuclear.  This  is  observed  most  often  after  the  inclusion  of 
bacteria  (lepra,  tuberculosis),  which  still  multiply  within  the  cells. 


-Mass  of  pigmented-granule  spheres  in  a  lymphatic 
gland.  (Alcohol ;  carmine.)  a,  Lymph-node  ;  b,  trabeculse  of  the 
lymphatic  gland ;  c,  lymph-passage  with  pigmented-granule  spheres- 
Magnified  80  diameters. 
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Wlien  a  foreign  body  in  the  tissues  cannot  be  absorbed  it  is  sur- 
rounded by  granulation  tissue  that  changes  later  into  connective  tissue 
(Fig.  209,  by  c)y  and  in  this  way  becomes  encapsulated.     The  prolifera- 


FiG.  209.— Dog's  hair  encapsulated   in   subcutaneous  tissue.      (Alcohol;    Bismarck   brown.)     a,  Haii ; 
5,  fibrous  tissue;  c,  proliferating  granulation  tissue  ;  d,  giant  cells.    MagnitlcU  06  diameters. 

tion  may  be  very  slight,  however,  in  the  immediate  vicinity  of  smooth, 
completely  insoluble  substances  (glass  beads). 

The  phenomena  of  chemotropism  or  Chemotaxis — i.e.,  the  attraction  or  repulsion 
of  freely  motile  cells  by  substances  soluble  in  water — were  first  observed  by  Strahl  and 
Pfeffer,  who  made  researches  particularly  on  myxomycetes,  infusoria,  bacteria,  seminal 
filaments,  and  swarming  spores.  Researches  of  Leber.  Büchner,  Massart,  Bordet,  Gabrit- 
öchewsky,  and  others  have  shown  that  the  leucocytes  may  also  be  attracted  {positive 
chemotropism  or  Chemotaxis)  or  repelled  {negative  chemotropism)  by  chemical  substances. 
There  are  particular  products  of  the  vital  activity  of  fission-fungi  (Leber,  Massart, 
Bordet,  Gabritschewsky)  or  bacterial  proteins — i.e..  the  albuminoid  bodies  of  dead  bac- 
terial cells  (Büchner) — which  even  after  great  dilution  (according  to  Buchner,  the  protein 
of  pyocyaneus  is  still  active  in  a  dilution  of  1  : 8,000)  are  positively  chemotactic.  Ac- 
cording to  Büchner,  this  property  belongs  also  to  gluten-casein  from  wheat-paste  and 
legumin,  to  glue  from  bones,  and  to  alkali  albuminate  from  peas,  while  ammonium  buty- 
rate,  trimethylamin,  ammonia,  leucin,  tyrosin,  urea,  and  skatol  exhibit  negative  Chemo- 
taxis. 

Phagocytosis  is  a  vital  phenomenon  that  has  been  long  known  and  has  many  times 
been  made  the  subject  of  investigation.  Von  "Recklinghausen,  Ponfick,  Hoffmann, 
Langerhans,  Slavjansky,  von  Ins,  Ruppert,  Langhans,  Rindfleisch,  and  others  conducted 
such  experiments  in  the  sixties  and  seventies,  and  described  particularly  the  relations 
of  cells  to  granules  of  dust  and  the  disintegration  products  of  the  blood.  In  the  year 
1874  I  made  the  observation  that  the  fibroblasts  of  the  granulation  tissue  take  up  and 
destroy  leucocytes.  It  is  to  be  assumed  that  one  has  in  this  phenomenon  an  act  of 
nutrition — that  the  phagocytes  digest  and  assimilate  the  leucocytes  taken  up.  Tliis  is 
indicated  by  the  fact  that  phagocytosis  is  a  vital  function  of  cells,  which  in  the  first 
place  is  directed  to  the  taking  up  of  nutriment.  But  since  a  phagocytosis  is  also  ob- 
served in  cells  which  give  off  substances  to  the  excreta  (e.g..  in  the  renal  epithelia)  ; 
since,  also,  wandering  cells  loaded  with  dust  appear  at  the  surface  of  mucous  membranes 
and  in  glands,  and  may  thus  cleanse  the  tissues  of  the  substances  mentioned,  one  may 
regard  phagocytosis  as  a  process  which  is  directed  also  partly  to  the  excretion  of  certain 
substances. 

Since  the  year  1883  Metschnikoff  has  occupied  himself  in  a  particularly  thorough 
fashion  with  phagocytosis  (he  has  also  introduced  this  name),  and  has  demonstrated  that 
it  is  one  of  the  most  widely  spread  phenomena  in  the  whole  animal  world,  and  is  most 
often  observed  in  mesodermal  cells.  He  is  of  the  opinion  that  phagocytosis  represents 
the  essential  and  characteristic  token  of  inflammation,  and  that  the  inflammatory  process 
is  a  combat  waged  by  the  cells  against  intruders  or  disease  producers.  This  view  is,  how- 
ever, completely  erroneous  and  finds  no  support  in  the  actual  conditions.  Metschnikoff, 
in  putting  forward  his  definition  of  inflammation  as  a  battle  of  phagocytes  against  dis- 
ease producers,  pays  no  attention  to  those  phenomena  which  have  been  termed  inflam- 
mation from  antiquity  onward,  and  names  inflammation  only  a  single  chosen  vital 
process  to  which  he  has  given  his  interest.  If  one  starts  from  processes  that  are  recog- 
nized on  all  sides  as  inflammation,  it  is  apparent  that  legitimate  inflammations  occur 
in  which  no  phagocytosis  is  present ;  so  that  phagocytosis  does  not  even  form  an  in- 
separable concomitant  of  inflammation.  For  the  rest,  it  is  to  be  remarked  that  phago- 
cytosis is  a  phenomenon  that  often  occurs  in  the  course  of  even  non-inflammatory 
processes  (e.g.,  within  tumors).     Finally,  one  cannot  see  in  phagocytosis  any  appearance 
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of  a  struggle,  since  in  the  taking  up  of  cinnabar  or  soot  or  fragments  of  red  blood- 
corpuscles  or  pus-corpuscles  every  possibility  of  resistance  on  the  part  of  that  which 
is  devoured  is  excluded.  And  even  when  bacteria  are  taken  up,  no  struggle  can  be 
observed,  at  least  in  those  cases  in  which  (as  actually  often  happens)  the  bacteria  are 
only  taken  up  when  they  are  dead  or  at  least  dying. 


IV.  Chronic  Inflammations. 


§  104.  Inflammation  is  naturally  an  acute  process,  but  various  con- 
ditions may  cause  the  phenomena  of  tissue-degeneration  and  exudation 
to  last  longer,  and  the  inflammation  to  become  chronic. 

The  cause  of  an  inflammation  becoming  chronic  may  be  found,  in 
the  first  place,  in  the  fact  that  in  the  course  of  an  acute  inflammation 
changes  occur  ivhich  j^i^event  a  rapid  healing.  As  may  be  deduced  from 
the  foregoing,  all  large  defects  of  tissue  and  tissue-necroses,  as  well  as 
large  masses  of  exudate  that 
are  difficult  to  absorb,  act  in 
this  way.  When  necrotic  mass- 
es of  tissue  are  not  completely 
absorbable,  as  in  the  case  of 
large  pieces  of  bone,  they  may 
indeed  be  sequestrated,  but  they 
then  persist  as  sequestra  for 
years  (Fig.  210,  a),  and  main- 
tain a  constant  inflammation. 
When  a  large  superficial  defect 
of  the  integument  is  produced 
by  a  burn,  granulations  develop, 
but  it  may  be  months  before 
the  wounded  surface  is  skinned 
over  from  the  edges  and  the 
process  thus  completed. 

A  further  cause  of  chronic 
inflammations  is  always  found 
in  repeated  injury  hy  external  in- 
fluences. Thus,  for  example, 
repeated  inhalation  of  dust  may 
cause  chronic  inflammation  of 
the  lung ;  repeated  friction  of  the 
skin  may  perpetuate  a  chronic 
inflammation  of  the  part;  and 
repeated  pathological  altera- 
tions of  the  stomach-contents 
may  promote  inflammation  of 
the  stomach.  In  the  canals  of 
the  body  in  which  concretions 
form,  these  latter  may  also  be  a 
cause  of  lasting  tissue-lesions. 

When  unfavorable  nutritive 
conditions  exist  in  a  tissue — e.g.,  great  congestion — these  may  also  en- 
able even  slight  external  influences,  that  under  normal  conditions  pro- 
duce no  inflammation  or  one  that  soon  stops,  to  set  up  ulceration  with- 
out any  tendency  to  heal.  In  this  way,  for  example,  chronic  ulcers  of 
the  leg  may  occur. 


Fig.  210.— Necrosis  of  fifteen  years'  duration  in  the 
lower  part  of  the  diaphysis  of  the  femur,  a.  Seques- 
trum; b,  c,  edges  of  the  opening  in  the  thickened 
hone.  (Alcohol  preparation.  Reduced  to  two-thirds 
natural  size.) 


294 


CHRONIC   INFLAM]VIATIONS. 


Infections  are  also  a  frequent  cause  of  chronic  inflammations,  espe- 
cially those  b}'  hacteria  and  moulds,  which  multiply  io  the  body  and  so 
constantly  produce   new  inflammatory  irritation.     The   inflammations 

which  they  cause  are  dis- 
tinguished from  others 
chiefly  by  the  fact  that 
they  often  have  a  progres- 
sive character,  and  by  the 
further  fact  that  they  cause 
metastases  by  way  of  the 
lymphatic  vessels  and  the 
blood. 

Finally,  chronic  intoxi- 
rutious  form  a  last   cause. 
They    act    particularly   on 
the  kidneys  and  liver,  and 
may  be    attributed    either 
to  the  introduction  into  the 
organism,  through  the  in- 
testinal canal  or  the  lungs 
or  even  the  integument,  of 
substances  that    are    inju- 
rious   to    the    organs    af- 
fected or  to  others;    or  to  the  production  in  the  body  itself,   by  dis- 
turbances of  the  processes  of  metabolism,  of  injurious  substances,  so 
that  there  is  a  chronic  auto-intoxication. 


Fig.  311.— Section  of  a  stone-cutter's  lung  with  bronohr»- 
pneumonic  fibrous  nodules.  (Alcohol;  picrocarmine. )  a. 
Group  of  fibrous  nodules  ;  6,  normal  lung-tissue ;  c,  pulmonary 
tissue,  thickened,  but  still  containing  bronchi,  vessels,  and  a  fe\\' 
alveoli.    Magnified  9  diameters. 
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§  105.  The  forms  of  chronic  inflammation  are  determined  partly  by 
their  fundamental  causes,  partly  by  the  nature  of  the  tissue  affected. 

The  remains  of  acute  processes,  as  they  are  seen  in  fibrinous  exu- 
dates and  tissue-necroses,  lead,  when  not  complicated  by  specific  infec- 
tions, to  an  inflammatory  tissue=proliferation.  For  the  rest,  infiam= 
matory  hypertrophies  of  connective  tissue  result  from  various  chronic 
irritations  of  the  tissues. 
So,  for  example,  chronic  ir- 
ritation of  the  lung  hj  the 
deposition  of  stone-dust  may 
lead  to  a  connective-tissue 
hypertrophy  in  the  lung,  which 
is  essentially  characterized 
by  the  fqrmation  of  circum- 
scribed nodules  (Fig.  211, 
a),  but  occurs  also  partly  in 
the  form  of  a  diffuse  hyper- 
trophy (c).  Continued  irri- 
tating conditions  in  the  neigh- 
borhood of  the  orifices  of 
the  urogenital  apparatus, 
where  ih^j  are  maintained 
by  the  discharge  of  irritat- 
ing secretions,   often  lead  to 

the  formation  of  acuminate  condylomata — i.e.,  to  hypertrophy  of  the  i)a 
pillse,  in  which  the  inflamed  and  infiltrated  papillae,  with  their  vessels 
enlarge  (Fig.  212,  a,  h)  and  often  also  divide  into  branches. 


s^m 


Fig.  212.— Condvloma    acuminatum,     a,   Enlanged  and 
branching  papilkp  ;    b,  epidermis.     (Injected  preparation.) 

Magnified  2(~i  diameters. 
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Frequently  repeated  and  rather  persistent  mild  inflammations  of  the 
skin  and  subcutaneous  tissue,  which  are  caused  by  mechanical  lesions, 
by  parasites,  or  by  any  other  continued  irritation,  may  also  often,  when 
they  acquire  a  considerable  extent,  lead  to  diffuse  connective-tissue 
hypertrophy,  which  is  known  as  elephantiasis. 

Inflammatory  growths  of  the  periosteum  and  medulla  of  bone,  which 
lead  to  'pathological  new  formation  of  hone,  or  a  hyperostosis  (Fig.  213), 
may  be  caused  both  by  non-specific  irritations — e.g.,  by  inflammations 
which  run  their  course  in  the  neighborhood 
of  chronic  ulcers — and  by  specific  infections, 
as  the  syphilitic  and  tuberculous. 

Chronic  catarrhs  of  mucous  membranes 
are  sometimes  caused  by  specific  infections 
(gonorrhoea,  tuberculosis),  sometimes  by  a 
non-specific  injury  (concretions,  pathological 
changes  in  the  contents  of  stomach  and  in- 
testine), sometimes  by  continued  disturban- 
ces of  the  circulation  (congestions) . 

Chronic  abscesses  generally  result  from 
acute  abscesses,  and  have  the  same  etiol- 
ogy, but  may  also  develop  more  gradually, 
and  are  then  caused  by  special  infections, 
generally  tuberculosis  or  actinomycosis. 
They  are  usually  limited  externally  by  a 
connective-tissue  membrane  covered  with 
granulations,  and  may  increase  in  size  partly 
by  th  3  secretion  of  pus  from  the  abscess-wall, 
partly  by  the  destruction  of  the  wall  and  its 
neighborhood.  Progressive  enlargement  to- 
ward the  deep-lying  parts  leads  to  the  for- 
mation of  burrowing  or  congestive  abscesses. 
Their  increase  in  size  is  really  always  to  be 
ascribed  to  the  persistence  of  the  infection. 
Perforation  into  neighboring  tissues  leads 
accordingly,  also,  to  new  infectious  inflam- 
mations. 

The  tuberculous  and  actinomycotic  forms 
of  chronic  abscess  are  distinguished  from 
others  partly  by  the  peculiar  quality  of  the 
pus,  partly  by  a  special  construction .  of  the 
abscess  membrane  (see  Tuberculosis  and 
Actinomycosis  in  Chapter  IX.). 

Chronic  ulcers  are  generally  caused  by 
specific  infections  (tuberculosis,  syphilis, 
glanders),  but  non-specific  harmful  factors 
also  lead  to  chronic  ulceration  in  tissue  which 
is  specially  susceptible  to  such  ulceration. 

Thus  chronic  congestions  in  the  vascular  system  of  the  leg  may  in- 
terfere with  the  healing  of  ulcers  caused  by  any  mechanical  influence 
that  may  have  been  exerted  under  the  ordinary  conditions  of  the  leg. 
In  the  same  way  the  peculiar  qualities  of  the  stomach-contents  may 
prevent  the  healing  of  an  ulcer  of  the  stomach.  When  healing  begins 
at  the  border  of  an  ulcer,  while  the  ulceration  advances  at  other  parts, 
the  ulcer  is  termed  serpiginous.  Active  growth  of  granulation  tissue  in 
17 


Fig.  213.— Periosteal  hyperostosis 
of  the  tibia,  at  the  base  of  a  chronic 
ulcer  of  the  leg.  (Reduced  to  three- 
fifths  natural  size.) 
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an  ulcer  leads  to  the  formation  of  an  ulcus  elevatum  hypertrophicum ; 
dense,  callous,  gristly  induration  of  the  edge  and  base  leads  to  the  for- 
mation of  an  ulcus  callosum,  or  indolens,  or  atonicum. 

Chronic  granulation  growths  (granulations)  which  persist  as  such 
a  longer  or  shorter  time,  without  undergoing  conversion  into  connective 


Fig.  214.— Transverse  section  through  the  mucosa  and  submucosa  of  an  atrophic  large  Intestine. 
(Alcohol ;  alum  carmine.)  a,  Glandular  layer  reduced  to  one-half  its  height ;  h,  muscularis  mucosae ;  c,  sub- 
mucosa ;  d,  muscularis ;  e,  mucous  membrane  entirely  atrophied.    Magnified  30  diameters. 

tissue,  reach,  under  various  specific  infections,  conditions  in  which  they 
are  best  known  as  tuberculosis,  syphilis,  leprosy,  glanders,  rhinosclerorna, 
and  actinomycosis.  Since  the  granulations,  in  these  infections,  often 
produce  spongy  growths  and  tumor-like  formations,  they  are  also  called 
fungous  granulations  or  caro  luxurians,  and -infectious  granulation 
tumors  or  granulomata.     They  show  all  the  special  peculiarities  that 


e    a^' 


Fig.  215.— Induration  and  atrophy  of  the  renal  tissue  in  chronic  nephritis.  (Alcohol:  alum  carmine.) 
a.  Thickened  and  fibrous  Bowman's  capsule ;  t>,  normal  glomerular  vessels :  c,  glomerulus  whose  vascular 
loops  are  partly  impermeable  and  homogeneous,  and  its  epithelium  mostly  lost;  d,  completely  ruined 
glomerulus;  e,  homogeneous  mass  of  coagulation  studded  with  nuclei,  and  consisting  of  exudate  and 
epithelium;  /,  desquamated  glomerular  epithelium  ;  g,  epithelium  from  the  capsule;  h,  collapsed  urinary 
tubule  with  atrophic  epithelium ;  i,  collapsed  tubule  without  epithelium ;  h,  hyperplastic  connective-tissue 
stroma;  I,  collection  of  small  cells ;  m,  normal,  somew^hat  dilated  urinary  tubule ;  n,  afferent  vessel ;  o,  vein. 
Magnified  250  diameters. 
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enable  one  to  recognize,  from  the  structure,  the  development  and  life- 
history  of  the  granulation  formations,  as  well  as  their  special  etiology 
(cf.  Chapter  IX.).  It  should,  however,  be  mentioned  that  the  etiology 
of  some  granulomata  that  develop  in  the  skin  is  stil]  unknown. 

Chronic  inflammations,  in  which  atrophy  of  the  specific  tissue  is 
associated  with  hypertrophy  of  the  connective  tissue,  are  observed 
principally  in  the  mucous  membrane  of  the  intestinal  canal,  and  in  the 
kidneys  and  liver. 

In  the  intestinal  canal  the  cause  may  reside  both  in  specific  causes 
(dysentery)  and  in  non-specific  irritations,  which  are  set  up  by  any  ab- 
normal propert}^  of  the  contents  of  the  intestinal  canal.  The  epithelial 
constituents  either  die,  under  manifestations  of  persistent  desquamation, 
while  the  connective  tissue  remains,  or  they  decay  at  the  same  time  as 
the  connective  tissue  on  which  they  are  situated  undergoes  necrosis  and 


Fig.  316.— Connective-tissue  hyperplasia  and  development  of  bile-ducts  in  chronic  hepatitis.    (Alcohol 


haematoxyUn.)    a,  ai,  Lobules  of  the  liver ;   &,  hyperplastic  periportal  connective  tissue ; 
d,  newly  formed  bile-ducts ;  e,  collection  of  small  cells.    Magnified  60  diameters. 


old  bile-ducts; 


destruction.     The  final  result  is  a  mucous  membrane  (Fig.  214)  which 
contains  either  no  glands  (e)  or  only  rudimentary  ones  [a) . 

In  the  liver  and  kidneys  the  chronic  inflammations  that  lead  to 
atrophy  and  induration,  and  whose  results  are  called  cirrhosis  of  the 
liver  and  indurated  contracted  kidneys,  are  heematogenous  diseases,  so 
far  as  they  do  not  depend  on  disturbances  in  the  domain  of  the  excretory 
ducts  (obstruction,  formation  of  concretions),  and  are  caused  partly  by 
infections,  partly  by  intoxications.  They  begin  either  acutely  or  more 
insidiously,  and  are  characterized  by  atrophy  and  degeneration  of  the 
glandular  tissue  (Fig.  215,  h,  i),  by  hypertrophy  of  the  connective 
tissue  (Fig.  215,  a,  k,  and  Fig.  216,  h),  by  cellular  infiltration,  by  the 
formation  of  granulations  (Fig.  215,  /,  and  Fig.  216,  e),  by  obliteration 
of  old  vessels  (Fig.  215,  c,  d,)  and  by  the  formation  of  new  vessels.  In 
the  liver  there  is  often  also  the  formation  of  new  bile-ducts  (Fig.  216, 
d ) ,  which,  however,  for  the  greater  part  do  not  perform  their  function. 


CHAPTER  VII. 
Tumors. 

I.  General  Considerations. 

§  106.  A  neoplasm,  or  spontaneous  new  growth,  or  tumor  in  the 

narrower  sense,  is  a  new  formation  of  tissue,  not  produced  by  infection, 
which  has  an  atypical  structure,  serves  no  useful  p)urpose  in  the  organ- 
ism, and  to  whose  growth  there  is  no  definite  characteristic  termination. 
The  outward  appearance  of  a  tumor  is  atypical  no  less  than  its  internal 
structure,  for  a  true  tumor  differs  more  or  less  in  its  make-up  from  that 
of  a  normal  organ.  If  this  difference  is  slight,  the  tumor  closely  re- 
sembles an  hypertrophy  of  tissue.  In  certain  instances  this  resemblance 
may  be  so  close  that  one  cannot  say  with  certainty  whether  the  new 
growth  of  tissue  should  be  called  a  tumor  or  an  hypertrophy. 

Tumors  may  develop  in  every  tissue  of  the  body  which  is  capable  of 
growth.  They  arise  from  a  proliferation  of  the  fixed  cells  of  the  part, 
and  with  the  process  is  associated  the  formation  of  new  blood-vessels. 
Frequently  also  there  is  a  migration  of  leucocytes  into  the  tumor  tissue. 


I 


Fig.  317.— Tissue  taken  from  a  mammary  carcinoma,  with  numerous  figures  which  show  nuclear  sub- 
division in  the  different  phases  of  the  mitosis.  (Staining  with  Flemming's  saf ranin.)  a,  Stroma ;  ö,  epi- 
thelial plugs.    Magnified  500  diameters. 

but  this  is  not  an  essential  part  of  the  process.  The  steps  of  cell-divi- 
sion and  formation  of  new  blood-vessels  are  the  same  as  those  described 
in  §83  and  §  88— i.e.,  the  cells  divide  by  karyomitosis,  and  the  new 
vessels  are  formed  from  sprouts  wjiich  shoot  out  from  the  growing  cells 
of  the  existing  vessels.  The  mitotic  forms  are  usually  typical  (Fig. 
217,  6),  but  there  are  also  many  atypical  forms,  asymmetrical  divisioj^is. 
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nuclear  figures  with  abnormally  large  chromatin  masses  (the  so-called 
giant  mitoses),  pluripolar  mitoses,  and  finally  examples  of  nuclear  frag- 
mentation (cf.  §  84,  Figs.  146  to  150)  and  of  direct  segmentation. 

When  developed  a  tumor  is  for  the  most  part  sharply  defined  from  the 
surrounding  tissue,  but  the  opposite  may  be  true.  Moreover,  several 
organs  in  their  entirety  may  he  changed  into  a  single  tumor,  or  considerable 
portions  of  tissue  ivhich  are  not  sharply  marked  off  from  their  surrounding 
tissues  may  take  on  the  character  of  a  tumor.  '  By  the  degeneration  of 
masses  of  tumor  tissue,  idcers  frequently  arise. 

The  difference  in  structure  between  tumors  and  physiological  tissue 
is  usually  evident  to  the  naked  eye ;  but  there  are  also  tumors  which  so 
resemble  the  part  from  which  they  spring  that  the  difference  is  to  be 
made  out  only  by  the  most  exact  examination. 

Tumors  that  have  luell-defined  boundaries  are  generally  nodular  (Fig. 
218,  d ;  Fig.  219,  d,  e  ;  Fig.  220,  a)  ;  and  the  size  of  the  nodules  varies, 
according  to  the  character  of  the  tumor  and  the  stage  of  development  at 
the  time  of  examination,  from  the  smallest  visible  speck  to  a  mass  of 
from  twenty  to  sixty  pounds  or  more.  If  nodular  tumors  grow  on  the 
surface  of  an  organ  they  often  take  on  the  form  of  a  sponge  (Fig.  218, 
d)  or  of  a  polyp,  and  are  named  accordingly  fungous  or  polypoid  tumors. 
If  a  new  growth  develops  on  the  surface  of  the  mucous  membrane  or  the 
skin,  and  the  papillae  there  present  divide  or  new  papillae  are  developed, 
we  have  luarty,  verrucose,  or  papillary  tumors,  or  papillomata.  A  further 
development  of  the  papillary  structure  gives  a  deyidritic  or  caulifloiuer 
mass. 

Tumors  usually  develop  from  small  beginnings.  It  is  a  compara- 
tively rare  thing  for  one  to  develop  from  a  number  of  centres  scattered 
diffusely  throughout  an  entire  organ.  At  one  time  their  growth  may 
be  quite  rapid,  while  at  another  it  advances  slowly  and  with  occasional 
periods  of  quiescence.  In  some  instances  a  tumor  may  remain  perfectly 
quiet  and  unchanged  for  a  period  of  several  years,  and  then  suddenly 
it  may  take  on  an  active  growth. 

The  structure  of  a  tumor  is  determined  by  the  tissue  from  ivhich  it 
groius  ;  and  although  true  tumors  always  show  an  atypical  character,  yet 
they  also  possess  certain  of  the  features  of  their  parent-tissues. 

Tumors  may  be  divided  into  three  groups  according  to  their  structure 
and  their  genesis.  The  three  are,  a  connective-tissue  group,  an  epithelial 
group,  and  finally  a  group  containing  teratoid  tumors  and  cysts.  It 
should  be  remembered,  however,  that  many  forms  of  tumor  may  be 
classified  as  belonging  at  the  same  time  to  two  or  even  to  three  groups, 
according  to  the  point  of  view  which  is  adopted. 

The  connective=tissue  tumors,  which  are  often  called  histoid  tumors, 
are  made  up  of  tissues  which  sometimes  resemble,  in  their  structure,  the 
connective  tissue  of  an  adult,  and  sometimes  that  of  the  mesoderm ;  and, 
as  a  matter  of  fact,  they  may  take  their  origin  from  mesodermal  con- 
nective tissue.  Usually  the  tumors  which  spring  from  the  component 
parts  of  the  nervous  system — from  the  cells  of  the  glia,  as  well  as  from 
those  of  the  ganglia — are  classed  in  this  group ;  since  in  their  structure 
they  come  much  closer  to  the  connective-tissue  than  they  do  to  the  epi- 
thelial tumors. 

The  differences  in  the  types  of  connective-tissue  tumors  are  due  to 
differences  in  their  framework,  in  part  also  to  differences  in  the  cells. 
If  a  tumor  is  rich  in  cells  while  its  framework  is  poorly  developed,  it  is 
soft  and  is  reckoned  among  the  sarcomata.     Very  soft  forms  are  spoken 
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of  as  medullary  or  fungous.      Mixed  tumors  contain  several   different 
kinds  of  connective  tissue. 

Epithelial  tumors  are  composed  of  cells  which  are  the  progeny  of 
epithelial  cells  or  of  gland-cells,  and  also  of  connective  tissue  which  is 
provided  with  blood-vessels ;  and  the  two  are  arranged  in  such  a  manner 
that  the  connective-tissue  forms  a  support  or  network,  in  the  meshes  of 

which  the  cells  result- 
ing from  the  prolifera- 
tion of  the  epithelial 
cells  or  the  gland-cells 
are  grouped  in  a  spe- 
cial  manner.  Inas- 
much as  this  arrange- 
ment of  the  tissues 
gives  to  these  tumors 
a  structure  which  re- 
minds one  of  that  of  a 
gland,  they  are  often 
spoken  of  as  organoid 
tumors — a  designation 
which  places  them  in 
contrast  with  the  his- 
toid connective  -  tissue 
tumors.  Attention 
should  be  called,  how- 
ever, to  the  fact  that 
certain  tumors  which 
are  reckoned  among 
the  connective  -  tissue 
tumors  (viz.,  the  sar- 
comata), possess  an 
organoid  structure. 
The  cells  which 
give  the  epithelial  tumors  their  especial  character  spring  from  either 
the  ectoderm  or  the  entoderm,  or  from  the  glands  derived  from  them ; 
or  it  may  be  from  the  mesodermal  epithelial  layer  of  the  pericardial  or 
pleuro-peritoneal  cavities,  or  from  the  glands  which  are  developed  from 
this  layer — namely,  the  kidneys,  suprarenal  capsules,  and  genital 
glands.  Such  tumors  often  show  more  or  less  distinctly  the  especial 
characteristics  of  the  parent  tissue  from  which  they  are  derived. 

Soft  epithelial  tumors  which  are  rich  in  cells  are  also  called  medul- 
lary  cancers. 

Teratoid  tumors'  and  cysts  form  a  group  whose  especial  character- 
istic is  the  fact  that  they  may  contain  the  most  varying  kinds  of  tissue, 
derived  from  all  three  layers  of  the  embryo ;  and  also  the  fact  that  the 
tumors  come  in  places  where  the  tissue  which  they  contain  is  not 
normally  found.  Tumors,  therefore,  which  according  to  their  structure 
might  be  counted  in  one  of  the  other  groups,  may  be  considered  as  tera- 
tomata  on  account  of  their  situation.  The  class  is  also  made  to  include 
formations  which,  according  to  their  structure,  origin,  and  physiological 
relations,  ought  not  to  be  considered  as  tumors  at  all. 

Tumors  usually  develop  singly;  but  it  also  happens  that  in  a  cer- 
tain system  of  tissue,  simultaneously  or  one  after  the  other,  there  will 
appear  a  great  number  of  tumors  of  the  same  sort,  so  that  we  must 


Fig.  218.— Spongy  carcinoma  of  the  mucous  membrane  of  the  pos- 
terior wall  of  the  cavity  of  the  uterus,  a.  Body  of  the  uterus ;  /^ 
cervix ;  c,  vagina ;  d.  tumor.    (Two-thirds  life  size.) 
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assume  that  the  coDditions  requisite  for  the  development  of  these 
tumors  are  present  in  the  different  parts  of  the  system  where  they  ap- 
pear. Sometimes  it  happens  that,  at  the  same  time,  there  appear  in 
different  parts  of  the  body  tivo  entirely  different  varieties  of  tumor,  which 
stand  in  no  relation  to  each  other,  and  whose  simultaneous  appearance 
is  purely  accidental. 

The  exact  determination  of  what  should  be  included  under  the  term  tumor  is 
scarcely  a  possible  thing,  and  consequently  the  word  is  used  by  different  authors  differ- 
ently. I  hold  it  advisable,  and  warranted  by  the  characteristics  of  the  life  of  the  new 
growths  which  we  are  about  to  consider,  to  exclude  from  tumors  all  hyperplastic  swell- 
ings and  all  retention  cysts  which  are  purely  retention  cysts  and  show  no  independent 
tissue-development.  And  furthermore,  according  to  my  view,  all  increase  of  tissue  de- 
pendent upon  the  presence  of  parasites  or  upon  infection  is  to  be  excluded  from  the 
domain  of  tumors  ;  and  so  also  should  the  infectious  granulation  growths  which  occur  in 
connection  with  tuberculosis,  syphilis,  leprosy,  etc.,  be  excluded.  If  it  should  be 
proved — which  so  far  has  not  yet  been  done — that  some  of  the  new  growths  now  reckoned 
among  epithelial  tumors  are  caused  by  infection,  then  we  must  exclude  these  also  from 
the  category  of  true  tumors. 

All  authors  do  not  give  the  same  prominence  to  the  atypical  structure  of  tumors  as 
is  here  insisted  upon.  .This  is  especially  the  case  with  those  tumors  which  are  similar 
to  the  tissue  from  which  they  spring,  and  which  may  therefore  be  called  homoöplastic 
tumors.  But,  even  in  these  tumors  (chondromata,  osteomata,  fibromata,  etc.),  there  are 
variations  from  the  normal  in  microscopical  and  in  coarse  structure,  as  well  as  in  out- 
ward appearance ;  and,  besides,  the  proliferations  due  to  infective  inflammation  may 
greatly  resemble  tumors  iu  their  structure.  It  is  therefore  not  always  easy  to  determine 
whether  a  new'  growth  is  a  tumor  or  not. 

Tumors  are  in  no  sense  useful  to  the  organism,  as  hypertrophies  may  be,  and  a 
tumor  does  not  have  the  special  function  of  the  tissue  from  which  it  originates.  Hence 
they  can  in  no  way  be  looked  upon  as  serviceable  new  formations  of  tissue.  In  certain 
tumors  the  processes  of  secretion  may  go  on.  Thus  epithelial  tumors  may  manufac- 
ture mucus  or  horny  or  colloid  material  (thyroid  tumors),  or  biliary  pigments  (hepatic 
tumors),  and  indeed  these  processes  may  take  place  in  metastatic  nodules  ;  but  from  these 
facts  we  merely  conclude  that  cells  in  tumors  which  do  not  differ  too  decidedly  from 
the  parent  tissue  may  retain  their  functional  activities  in  a  certain  degree  from  genera- 
tion to  generation.  The  inference  that  the  organism  has  been  enriched  by  new  service- 
able tissue,  similar  to  the  tissue  produced  by  hypertrophy  from  work,  is  wholly  without 
foundation  ;  for  the  products  are  generally  of  no  use  to  the  body,  or  if  it  is  conceivable 
that  they  may  be  used,  as  in  the  case  of  colloid  material  or  bile,  yet  their  value  is  cer- 
tainly far  below  that  of  the  normal  material. 

The  tumors  which  spring  from  the  mesodermal  epithelium  of  the  serous  membranes 
or  of  the  glands  which  originate  from  this  epithelium,  are  also  reckoned  as  epithelial 
tumors.  This  is  justified  by  the  fact  that  the  tumors  which  originate  from  this  epithe- 
lium are  in  structure  and  in  clinical  characteristics  very  like  those  which  spring  from 
the  ectoderm  and  entoderm.  I  have  considered  the  question  whether  it  would  not  be 
advisable  (as  Hansemann  has  proposed)  to  reckon  among  the  epithelial  tumors  (i.e., 
among  the  adenomata  and  carcinomata)  such  tumors  as  have  a  network  of  connective 
tissue  whose  meshes  are  filled  with  proliferated  endothelial  cells  from  blood-  or  lymph- 
vessels.  In  favor  of  this  plan  may  be  mentioned  the  similarity  of  structure,  and  also 
the  fact  that  the  endothelium  of  the  vessels  is  frequently  referred  to  as  mesodermal  epi- 
thelium. The  following  facts,  on  the  other  hand,  militate  against  the  plan  :,  first,  that 
the  term  endothelioma  has  been  generally  accepted  ;  second,  that  the  behavior  of  the 
proliferated  endothelium  of  the  blood-  and  lymph-vessels  is  quite  different  from  that  of 
epithelium;  and,  finally,  that  in  many  tumors  it  is  impossible  to  tell  the  products  of 
the  gi'owth  of  the  cells  of  the  blood-  or  lymph-vessels,  from  those  of  the  connective- 
tissue  cells. 

When  the  tumors  of  the  central  nervous  system  (gliomata  and  ganglionic  jieuroglio- 
mata)  are  reckoned  as  connective-tissue  tumors,  a  mistake  is  committed,  inasmuch  as 
these  ganglion  and  glia  cells  do  not  spring  from  the  mesoderm  but  from  the  ectoderm, 
and  they  represent  modified  ectodermal  epithelium.  Nevertheless,  the  character  of  the 
central  nervous  system,  and  of  the  tumors  which  arise  from  it,  is  such  that  it  is  far  bet- 
ter to  classify  them  with  the  connective-tissue  tumors  than  with  the  epithelial  ones. 

§  107.  The  etiology  of  tumors  is  by  no  means  uniform,  and  often  can- 
not be  determined  with  certainty.    But  in  most  cases  the  conditions  under 
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whicli  the  new  growth  appeared  can  be  given,  and  we  may  therefore, 
according  to  their  origin,  establish  several  groups  of  tumors. 

One  group  of  tumors  arises  from  some  localized  predisposition  of  the 
tissues  of  a  distinctly  congenital  nature,  and  we  may  therefore  speak  of 
them  as  local  malformations  of  tissue.  They  either  develop  during  intra- 
uterine life,  and  are  therefore  present  at  birth,  or  they  develop  during 


'^*^^ 


Fig.  219.— Primary  cancer  of  the  gall-bladder  with  an  impacted  stone  in  this  cavity.  Coronal  section 
through  the  gall-bladder  and  liver,  a,  Liver ;  6,  duodenum  ;  c,  gall-stone ;  d,  wall  of  the  gall-bladder  in- 
filtrated with  cancer ;  e,  cancerous  infiltration  in  the  neighboring  livei-tissue ;  /,  portion  of  duodenum 
which  is  infiltrated  with  cancer  and  adherent  to  the  rest  of  the  new  growth.    (Life  size.) 

extra-uterine  life,  in  the  period  of  childhood  or  later;  in  which  case 
traumatism  not  infrequently  furnishes  the  immediate  occasion  for  the 
beginning  of  the  development  of  the  tumors. 

To  this  group  belong  the  osteomata,  chondromata,  angiomata,  glio- 
mata,  fibromata  (nerve-  and  skin-fibromata),  sarcomata,  and  adenomata. 
Furthermore,  manj^  teratoid  tumors  and  cysts  must  also  be  placed  in 
this  group,  inasmuch  as  they  will  be  found,  on  closer  examination,  to 
represent  the  following  conditions:  residua  of  foetal  formations;  a 
transposition  or  a  monogerminal  implantation  of  the  germs  of  certain 
tissues;  an  implantation  of  rudimentary  portions  of  a  twin  embryo;  a 
bigerminal  implantation;  and  probably  also  pathological  proliferations 
of  male  or  female  sexual  cells. 

^  A  second  group  is  develoj^ed  after  tranmatic  injuries  of  the  tissues,  and 
it  is  reckoned  that  such  a  traumatic  origin  can  be  definitely  determined 
in  from  seven  to  fourteen  per  cent,  of  the  cases.     The  cause  may  be  a 
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single  injury,  as  a  stab  or  a  blow  or  a  crushing  or  a  fracture ;  or  it  may 
be  a  repeated  mechanical  irritation,  like  that  due  to  rubbing,  scratching, 
etc. 

7;^  a  third  group  of  cases  the  development  of  the  neiv  growth  folloivs  an 
inßammation,  especially  if  accompanied  by  ulceration  and  the  formation  of 
a  scar.  This  inflammation  and  ulceration  may  or  may  not  owe  their 
origin  to  some  specific  injurious  influence.  Cancer  of  the  gall-bladder, 
for  example  (Fig.  219,  d,  e),  occurs  almost  invariably  in  gall-bladders 
which  contained  gall-stones,  and  which  therefore  have  been  the  seat  of 
chronic  inflammation.  Cancer  of  the  stomach  may  form  in  the  edge  of 
an  ulcer  or  in  its  scar-tissue  after  it  has  healed.  Sometimes  cancer  de- 
velops in  the  skin,  or  in  the  mucous  membrane  of  the  pharynx  or  larynx, 
in  the  base  of  a  tuberculous  or  syphilitic  granuloma,  or  in  the  scar  which 
follows  one  of  these  processes. 

The  tumors  of  a  fourth  group  seem  to  oiue  their  development  to  the  un- 
equal atrophy  of  the  elements  luliich  make  up  a  tissue,  as  a  result  of  which 
certain  opjjosing  forces  are  removed  or  lessened.  This  is  especially  true 
of  epithelial  growths  (cancers),  developed  either  in  advanced  age  or 
in  organs  which,  having  just  passed  through  a  period  of  increased 
functional  activity,  are  undergoing  atrophy.  In  this  way  we  can  ex- 
plain the  development  of  cancer  of  the  skin,  for  example,  by  saying  that 
the  connective  tissue  of  the  skin  is  undergoing  a  certain  atrophy,  which 
is  connected  with  relaxation  of  its  strata,  while  the  epithelium  is  still 
possessed  of  its  full  power  of  reproduction. 

Colinheim  formerly  advanced  the  theory  that  all  true  tumors  grew  from  distinct 
tumor-tissues,  which  were  only  persisting  centres  of  embryonic  tissue.  This  view  re- 
ceives no  support,  either  from  the  results  of  clinical  observation  or  from  those  of  ana- 
tomical investigation  of  the  tissues. 

That  the  etiology  of  tumors  is  not  always  the  same  is  shown  by  the  variety  of  the 
conditions  under  which  they  arise. 

It  is  hard  to  say  what  is  the  nature  of  the  influence  which  causes  the  cells  to  produce 
an  atypical  form  of  tissue.  In  this  connection  one  is  likely  to  think,  at  first,  of  the 
causes  which  underlie  hypertrophy  and  regeneration  of  tissue.  There  are,  on  the  one 
hand,  special  congenital  predisposing  influences,  or  the  various  irritations  which  stimu- 
late the  formative  activity  of  the  cells  ;  and,  on  the  other,  those  influences  which  tend 
to  lessen  or  even  to  remove  the  hindrances  to  growth.  But  it  still  remains  a  puzzle  why 
tissues  which  are  not  typical  should  be  produced,  and  should  so  participate  in  the  devel- 
opment of  the  organism  that  they  can  be  considered  as  playing  a  useful  part.  In  their 
effort  to  explain  this  phenomenon,  which  is  associated  with  an  increase  in  the  capacity 
for  living  and  for  multiplying,  even  under  pathological  conditions  (including  that  in 
which  cells  gain  an  entrance  into  and  are  transported  through  the  lymph-  and  blood- 
channels),  many  authors  have  been  disposed  to  find  the  cause  in  the  presence  of  para- 
,«ites.  But,  according  to  our  present  knowledge,  we  are  by  no  means  justified  in  attrib- 
uting the  development  of  true  tumors,  of  autonomous  new  growths,  to  the  influence  of 
parasites.  The  development  and  life-history  of  tumors  speak  against  this  hypothesis, 
and  so  does  especially  the  formation  of  metastases  ;  for  there  can  be  no  doubt  that  these 
metastatic  nodules  are  due  to  the  proliferation  of  living  tumor  cells  which  have  been 
carried  in  the  lymph  or  blood  stream. 

Ribbert  is  of  the  opinion  that  the  cause  of  the  pathological  proliferation  of  tissue 
which  leads  to  the  formation  of  a  tumor  is  the  separation  of  cells  or  groups  of  cells 
from  their  normal  connection  with  the  rest  of  the  body;  this  separation  taking  place 
either  before  birth  (during  some  disturbance  of  intra-uterine  growth)  or  afterward  as  the 
result  of  external  influences.  Nevertheless,  such  transplantations  or  separations  of  cell- 
masses  take  place  very  often  both  in  uterine  life  and  afterward  (e.g.,  after  the  infliction 
of  a  wound  or  as  the  result  of  the  formation  of  an  ulcer  ;  in  cicatrices ;  in  infectious 
granulation-growths)  without  any  subsequent  development  of  a  tumor.  At  best,  such 
transplantations  of  tissue  constitute  only  one  of  the  predisposing  causes,  and  consequently 
some  additional  factor  will  still  be  necessary  if  the  atypical  progressive  growth  of  tissue 
— that  is,  the  development  of  a  tumor — is  to  be  started.  Besides,  the  development  of  a 
tumor  is  in  no  wise  dependent  on  a  transplantation  of  tissue.    It  can  just  as  well  start  in 
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normally  placed  cells — a  statement  which  can  be  directly  proved  in  the  case  of  epithelial 
tumors. 

Our  knowledge  of  the  cause  of  tumors  up  to  the  present  time  may  be  thus  summed 
up  :  Hereditary  and  acquired  conditions  of  certain  cells  and  cell-groups,  which  express 
themselves  in  a  tendency  to  increased  formative  activity  and  to  the  production  of  atypi- 
cal tissue,  lead  to  the  formation  of  tumors.  This  growth  may  be  prepared  for,  favored, 
or  started  by  the  transplantation  of  cells  or  groups  of  cells  ;  but  it  is  often  facilitated  by 
changes  that  take  place  in  the  neighborhood  of  the  cells  concerned.  No  general  reliable 
scheme  can  be  given  for  the  development  of  tumors.  The  relations  differ,  not  merely 
according  to  the  particular  type  of  tumor,  but  also  among  individual  cases  belonging  to 
the  same  type.  It  must  not  be  forgotten  that  the  formations  which  we  class  together  as 
tumors  have  a  very  different  significance,  and  many  of  them  ought  rather  to  be  classed 
under  other  headings  (malformations). 

§  108.  When  a  tumor  has  arisen  in  any  tissue  it  continues  to  grow 
independently.  The  tumor  draws  u]jou  the  vessels  of  the  neighboring 
tissue  for  its  nutrition,  or  it  may  grow  independently  by  division  of  its 


Fig.  220.— Section  through  a  primary  carcinoma  of  the  liver,  o,  with  multiple  metastases,  b,  in  the  liver- 
substance.    (Three-sevenths  life  size.) 


own  cells.  In  many  cases  the  tumor  increases  only  by  interstitial  ex= 
pansive  growth,  and  the  neighboring  tissues  are  simply  displaced  and 
pressed  together.     In  other  cases  the  tumor  grows  by  infiltration,  and 

forces  its  ivay  into  the  intercellular  spaces  of  the  surrounding  tissues,  so 
that  new  territories  are  thus  brought  under  the  influence  of  the  tumor. 
By  this  process  a  part  of  the  cells  of  the  invaded  tissue  are  often  stimu- 
lated to  proliferation,  so  that  an  increase  of  the  tumor  takes  place  by  an 
appositional  groiuth,  in  which  the  cells  both  of  the  tumor  and  of  the  sur- 
rounding tissue  take  part. 

The  characteristic  feature  of  growth  by  infiltration  consists  in  the 
involvement,  in  the  disease,  of  the  tissues  or  organs  ivhich  hound  the  original 
site  of  the  tumor.  Moreover,  the  tissue  of  organs  ivhich  are  simply  adjacent 
to  the  organ  originally  affected  may  become  involved  hy  contiguity  (Fig. 
219,  e,  /).  If  tumor-cells  find  an  entrance  into  any  of  the  larger  cavities 
of  the  body,  thej  may  spread  on  its  surfaces  and  lead  to  the  develop- 
ment of  tumors. 

If,   in  the  process  of  infiltrative  growth,   a  tumor  breaks   into  a 
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lymph-vessel  or  a  blood=vessel  —something  whicli  always  iiapxjcns  in 
tumors  called  carciuomata  and  sarcomata — and  if  cells  of  the  tu/nor.s  jjos- 
sessed  of  the  pOLcer  of  developnient  escape  into  the  vessel,  tumor  metas- 


FiG.  221.— Filling  of  a  periprlandular  lymph-vessel  (in  the  region  of  the  axilla)  with  cancer  cells  from  a 
carcinoma  <  t  the  mammary  glaiicl.  iMiiller's  fluid  ;  haematoxylinJ  a.  Cancer  cells;  h,  wall  of  the  lymph- 
vessel.    Xa^rriitied  :3(>)  diameters. 


tases  are  likely  to  follow;  that  is,  there  is  likelv  to  be  a  development  of 
disconnected  daughter=tumors.  These  secondary  tumors  may  develop 
in  the  organ  in  which  the  primary  tumor  has  its  seat  (Fig.  220,  h),  but 
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Pig.  222.— Metastatic  developmpnt  of  a  carcinoma  In  the  branr'hes  of  the  vena  portae  and  in  the  hepatic 

capillary  vessels.  (:\lüller"s  fluid:  LLe-iiftoxylin:  eosin.)  a.  Tissue  of  the  liver;  &,  plugs  of  cancer  cells  in 
the  vena  porta- ;  c.  cancer  cells  In  the  capillaries.    Magnifled  1  (>:j  diameters. 

they  usually  develop  raxhdly  in  other  organs  as  well :  in  the  case  of  the 
lymph-vessels  in  the  lymx)h-glands,  and  in  the  case  of  the  blood-vessels 
in  those  organs  to  which  the  living  cells  are  carried  l)v  the  blood  (cf. 
^5  18). 

The  secondary  tumors  are  developed  directly  from  the  transported 
cells.  In  metastasis  by  the  lymph=channels  the  lymph-vessels  are  first 
filled  with  tumor-cells  which  have  developed  from  the  transported  cells 
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(Fig.  221,  a).  The  surrounding  tissue  joins  in  this  growth,  new  blood- 
vessels are  formed,  and  in  this  wav  a  tumor  develops,  usually  in  the 
form  of  smallei;  and  larger  nodules :  but  it  may  also  happen  that  the 
hjmph-chaniiels  are  more  evenly  distended  hy  the  growth  (Fig.  221,  a)^ 


Fig.  223.— Me'astatic  sarcoma  of  the  liver  following  primary  sarcoma  of  the  parotid.  CFlemming's  mix- 
ture ;  safranin;  picric  acid.)  a.  Broad  framework  of  liver-cells;  /),  sarcomatous  tissue  developed  in  the  ves- 
sels; c,  single  tumor-celLs  in  the  liver-cnpillaries;  (/,  framework  of  liver-cells  which  have  undergone  atrophy 
and  fatty  degeneration.    ISiaguified  150 diameters. 

without  any  real  formation  of  nodules ;  or  at  most  little  swellings  occur 
in  the  course  of  the  lymj^h-vessels.  If  the  metastasis  takes  place  in 
lymph-glands,  these  swell  up  into  nodules  of  smaller  or  larger  size,  and 
the  tumor- tissue  gradually  takes  the  place  of  the  gland-tissue. 

When  the  metastasis  takes  place  through  the  blood-vessels  the  first  de- 
velopment begins  wäth  the  tumor-cells  which  form  the  embolus  in  artery, 
capillary,  or  vein;  and  under  certain  conditions  the  vessels  (Fig.  222, 
b,  c,  and  Fig.  223,  b,  c)  may  be  filled  throughout  a  considerable  extent 
by  the  growing  tumor-cells.  The  tissue  in  which  the  tumor  embolus 
develops  remains  passive  at  first,  and  its  specific  components — e.g., 
gland-cells  (Fig.  223,  d)  and  muscle-cells — undergo  atrophy  and  finally 
disappear.  Later,  the  blood-vessels  and  connective  tissue  take  part  in 
building  up  the  secondary  tumor. 

In  its  further  development  the  secondary  nodule  becomes  sharply 
differentiated  from  its  surroundings  and  increases  in  bulk.  But  often 
enough,  at  least  in  places,  growth  by  infiltration  persists,  and  under 
proper  conditions  widespread  diffuse  tumors  develop — as,  for  instance, 
in  the  liver  (Fig.  223)  and  in  bone-marrow\ 

The  number  of  metastases  taking  place  by  lymph-  or  blood-channels 
varies  greatly  in  different  cases,  and  may  be  limited  to  one  organ  or 
may  affect  many.  In  rare  cases  the  seeds  of  the  original  tumor  may 
spread  through  almost  the  whole  body,  so  that  larger  and  smaller 
nodules  appear  in  quick  succession  in  the  most  diverse  parts — in  gland, 
muscles,  skin,  etc.  This  is  possible  when  a  tumor  situated  in  the  lung 
or  in  a  bronchial  gland  breaks  into  a  pulmonary  vein. 

If  a  bit  of  tumor  capable  of  forming  metastases  is  transplanted  from 
one  animal  to  another  of  the  same  species,  it  sometimes  happens  that 
it  will  develop  in  the  second  animal.     We  may  therefore  have  such  a 
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thing  as  a  metastasis  from  one  animal  to  another.  In  a  similar  way  we 
may  have,  in  operations  upon  man,  transplantation  of  bits  of  tumor 
from  one  part  of  the  body  to  another,  and  these  may  continue  their 
growth  in  the  new  situation. 

Side  by  side  with  the  progressive  development  of  tumors  we  find  very 
often  indeed  retrogressive  changes  ;  and  especially  in  rapidly  growing 
cellular  tumors,  which  increase  by  infiltrating  the  surrounding  tissues, 
we  may  find,  to  a  marked  degree,  fatty  or  myxomatous  degeneration, 
pigmentation,  necrobiotic  changes,  and  hemorrhagic  infarction,  so  that 
the  tissue  often  sloughs  completely.  This  rapid  breaking  down  of  the 
tissue  is  due  in  part  to  the  fact  that  in  carcinomata  the  proliferation  of 
the  epithelium  advances  into  the  blood-vessels,  throughout  a  wide  area, 
and  thus  causes  them  to  become  plugged.  The  destruction  of  the  cells 
in  nodular  tumors,  in  case  it  is  followed  by  a  resorption  of  the  products 
of  degeneration,  may  lead  to  shrinking  and  the  formatioyi  of  cicatricial 
contractions.  Yery  often,  too,  we  find  cysts  containing  the  products  of 
degeneration,  and  even  ulcers;  and  in  the  case  of  carcinomata  of  the 
mucous  membranes,  the  parts  of  the  tumor  which  grow  up  above  the 
surface  are  apt  eventually  to  disinte- 
grate and  disappear.  Retrogressive 
changes  usually  do  not  occur  in  slowly 
growing  dense  tumors. 

Necrosis  and  disintegration  of  the 
tumor-tissues  seldom  terminate  in 
a  cure.  This  is  most  likely  to  hap- 
pen if  a  polypoid  new-growth  be- 
comes totally  necrotic  (for  example, 
as  a  result  of  twisting  of  its  peduncle) 
and  sloughs  away.  Usually  in  tu- 
mors which  have  a  tendency  to  un- 
dergo retrogressive  changes  and  to 
disintegrate,  while  the  older  portions 
are  falling  to  pieces,  the  tumor  is  con- 
stantly growing  at  the  periphery  and 
constantly  involving  new  tissues. 

If  a  tumor  is  extirpated,  recovery 
may  take  place ;  but  to  insure  this  all 
parts  of  the  tumor  must  be  removed 
or  destroyed.  This  is  most  readily 
accomplished  in  the  case  of  slow- 
growing  tumors  which  grow  by  ex- 
pansion and  have  sharply  defined 
borders.  In  tumors  which  grow  by 
infiltration  it  is  very  difficult  to  define 
the  limit  of  the  tumor,  which  often 
extends  far  beyond  the  point  where 
any  change  in  the  tissue  is  apparent. 
Consequently,  in  such  cases,   sooner 

or  later  a  recurrence  is  apt  to  take  place  in  the  operation  scar,  the  re- 
currence growing  from  portions  of  the  original  tumor  which  were  not 
removed  (Fig.  224,  a) .  Such  recurrences  behave  exactly  like  the  original 
tumor,  and  can  also  form  metastases  (Fig.  224,  c). 

Tumors  are  usually  classed  as  benign  and  malignant,  according  to 
their  clinical  and  anatomical  characteristics.     The  benign  tumors,  as  a 


Sarcoma  recurrent  in  the  stump 
of  a  femur  after  amputation,  a.  Fungous  tumor 
springing  from  the  bone-marrow ;  b,  c,  perios- 
teal nodules.    (One-half  life  size.) 
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rule,  groio  slowly  by  expansion,  and  do  not  form  metastases.  The  malig- 
nant  tumors,  on  the  other  hand,  groiv  rapidly  and  by  infiltration,  undergo 
degenerative  changes  more  readily,  and  give  rise  to  metastases.  The 
malignant  tumors,  generally  speaking,  are  the  carcinomata  and  sarco- 
mata. It  must  be  remembered,  though,  that  the  malignancy  of  a  tumor 
depends  on  its  location  as  well  as  on  its  nature.  Thus  a  benign  growth 
can  cause  malignant  symptoms  if  its  presence  interferes  with  the  func- 
tions of  vital  organs.  So,  for  example,  every  tumor  of  the  brain  or  of 
its  membranes  becomes  a  dangerous  affection  at  the  moment  when  it 
interferes  with  the  functions  of  the  brain ;  and  such  benign  tumors  as 
fibromata  of  the  uterus,  for  example,  as  soon  as  they  grow  large  enough 
to  press  upon  and  displace  other  organs,  must  be  looked  upon  as  de- 
structive growths. 

When  a  tumor  has  existed  for  a  certain  period  there  often  is  produced 
an  appreciable  falling-off  of  nutrition  in  the  body — a  marasmus,  com- 
monly called  the  cachexia  of  tumors.  This  occurs  for  the  most  part 
in  connection  with  the  malignant  growths  called  cancer  and  sarcoma, 
and  may  be  caused,  at  least  in  part,  by  the  great  demands  which  the 
rapid  growth  of  these  tumors  and  their  metastases  make  upon  the  nutri- 
tive supply.  A  still  more  important  cause  may  lie  in  the  fact  that  the 
tumor  may  interfere  with  the  taking  in  of  nutritive  material.  For  ex- 
ample, in  carcinoma  of  the  oesophagus,  stomach,  or  intestine,  the  func- 
tion of  the  affected  organ  is  profoundly  interfered  with,  and  the  assimila- 
tion of  food  may  be  almost  completely  prevented.  It  must  be  further 
observed  that,  by  the  degeneration  of  the  tumor  and  the  continuous 
secretion  from  the  resulting  ulcers,  often  a  great  deal  of  albuminous 
material  escapes  from  the  body ;  while  from  the  putrefactive  processes 
substances  are  often  formed  which,  when  absorbed,  act  injuriously  upon 
the  system.  Finally,  the  pain  which  is  often  experienced  in  a  tumor 
may  rob  the  unfortunate  patient  of  his  sleepc  Whether  the  tumor  itself, 
in  certain  cases,  manufactures  substances  which  are  poisonous  to  the 
body  in  general  is  unknown,  but  the  possibility  of  such  a  thing  cannot 
be  denied. 

II.  The  Different  Varieties  of  Tumors. 

1.   Connective-Tissue  Tumors, 
(a)  Fibroma. 

§  109.  A  fibroma  is  a  tumor  composed  of  connective  tissue.  It  is 
usually  in  the  form  of  a  7iode,  sharply  differentiated  from  the  surround- 
ing tissue ;  usuall^^  it  affects  only  one  part  of  an  organ,  but  in  exceptional 
cases  it  may  convert  an  entire  organ  into  a  single  great  mass  of  tumor. 
If  it  occurs  on  the  free  surface  of  a  mucous  membrane  or  the  skin,  it 
often  forms  a  papilloma. 

The  consistence  of  the  fibroma  depends  on  the  character  of  the  con- 
nective tissue.  It  is  often  hard  and  tough,  creaks  under  the  knife  {des- 
moid tumor) ,  and  presents,  when  cut,  a  white  tissue  much  like  tendon ; 
and  in  other  cases  it  is  soft  and  flaccid,  presents  a  grayish-white  cut 
surface,  and  is  somewhat  translucent.  In  still  other  cases  the  bands  of 
connective  tissue  are  white  and  glistening,  yet  the  tumor  as  a  whole  is 
more  open  in  its  structure  and  is  correspondingly  flaccid. 

There  are  all  gradations  between  these  hard  and  soft  extremes,  and 
even  in  one  tumor  different  parts  may  possess  different  characteristics. 
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Fig.  225.— Dense  fibroma  of  the  lobule  of  the  ear. 
(Alcohol ;  haematoxylln.)  a.  Longitudinal  section ;  b, 
transverse  section,  of  bundles  of  fibres.  Magnified  400 
diameters. 


The  hard  kinds,  as  seen  through  the  microscope,  appear  to  be  chiefly 
composed  of  thick  bundles  of  coarse  fibres  (Fig.  225,  a,  h),  among  which 
are  sprinkled  a  larger  or  smaller  number  of  cells.  In  those  kinds  which 
are  less  hard  the  bundles  of  fibres  are  correspondingly  more  delicate 
(Fig.  226) .  If  obstruction  of  the 
circulation  and  oedema  supervene, 
the  bundles  of  fibres  (Fig.  226, 
b)  may  be  pressed  apart,  and  the 
cells  (c)  which  lie  upon  them 
may  become  swollen  (d).  By 
reason  of  these  changes  the  tis- 
sue is  rendered  softer. 

The  softer  kinds  of  fibroma, 
which  present  a  translucent,  gray- 
white  surface  on  incision,  are 
usually  richer  in  cells ;  so  that  it 
is  possible,  by  tearing  a  bit  of  the 
tissue  to  pieces,  to  isolate  spin- 
dle-shaped cells  (nuclei  with 
tails).     The  intervening  tissue  is 

relatively  less ;  the  fibrillse  are  more  tender  and  are  arranged  in  narrower 
bundles.  Sections  through  such  tumors,  when  stained,  appear  full  of 
nuclei  (Fig.  227,  h). 

The  fibromata  develop  from  actively  growing  cells  of  the  connective 
tissue,  and  usually  it  is  possible  to  find  places  which  are  richer  in  cells 
than  the  mass  of  the  tissue,  and  in  which  the  cells  appear  not  only  as 
small  spindles,  but  also  as  round  cells,  or  as  short,  thick  spindles,  or  even 
as  star-shaped  cello.  The  change  from  this  new-formed  tissue  rich  in 
cells  to  mature  connective  tissue  is  brought  about  in  the  same  way  as  was 
described  in  the  chapter  relating  to  Hyperplasia  of  Connective  Tissue. 

Fibromata  may  occur  in  any  tissue  which  contains  connective  tissue 
in  any  form.     They  are  very  common,  for  example,  in  the  nerves,  skin, 

periosteum,  fasciae,  uterus, 
and  nasal  mucous  membrane ; 
they  are  less  common  in  the 
ovary,  mamma,  intestinal 
tract,  etc.  In  the  mamma 
the  fibromata  develop  espe- 
cially around  the  canaliculi, 
so  that  the  latter  are  found  to 
be  surrounded  by  connective 
tissue  rich  in  cells  (Fig. 
227,  h). 

Fibromata  do  not  form 
metastases,  but  a  number  of 
them  often  occur  together, 
especially  along  the  course 
of  nerves  and  in  the  skin 
(see  under  Neurofibroma,  in 
§  118).  Moreover,  it  is  not  uncommon  to  see  several  centres  of  growth 
in  a  single  tumor ;  that  is,  the  mass  of  the  tumor  is  made  up  of  several 
nodules  or  bands  which  are  separated  from  one  another  by  ordinary 
connective  tissue  (Fig.  227,  b).  Fibromata  are  dangerous  only  by  reason 
of  their  size  or  their  position. 


Fig.  226.— Section  through  an  oedematous  fibroma  of  the 
uterus.  (Osmic  acid ;  glycerin.)  The  bundles  of  connec- 
tive-tissue fibres,  which  lie  close  together  at  a,  are  pressed 
apart  at  b  by  the  fluid ;  c,  spindle-shaped  cells ;  d,  swoUen 
round  cells ;  e,  blood-vessel.    Magnified  about  200  diameters. 
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Fibromata  may  undergo  fatty  degeneration,  or  may  soften  and  dis- 
integrate, so  that  cavities  are  formed  inside  of  them.  These  may  also 
break  through,  and  so  give  rise  to  ulcers.  The  blood-supply  varies 
greatly,  and  is  sometimes  abundant,  sometimes  scanty.  Sometimes  the 
blood-vessels  are  dilated,  so  that  throughout  the  tissue  there  seem  to  be 
large  canals  or  clefts,  from  which  blood  escapes  when  the  tumor  is  ex- 
amined in  a  fresh  state.  Dilated  lymph-channels  are  also  sometimes 
observed. 

If  the  basic  substance  of  a  fibroma  is  strongly  saturated  with  fluid, 
and  the  fibrillse  are  pressed  apart,  we  have  an  oedematous  /ibrorna,  closely 
resembling  the  umbilical  cord  in  appearance. 

The  term  keloid  is  applied  to  a  tumor  of  the  skin  which,  in  its  fully 
developed  state,  is  composed  of  tough  fibrous  tissue ;  and  which,  further- 
more, presents  sometimes  a  knobbed  and  hard  appearance,  at  other  times 


Fig.  237.— Pericanalicular  fibroma  of  breast.  (Müller's  üuid ;  alum  carmine ;  eosiu j  a.  Tubules  of 
gland ;  ö,  pericanalicular  connective  tissue,  newly  formed  and  full  of  cells ;  c,  connective  tissue  with  few 
cells.    Magnified  40  diameters. 

that  of  a  star-shaped  growth  or  a  growth  made  up  of  bands  and  ridges. 
It  commonly  develops  as  a  sequel  to  some  injury  or  inflammation,  but 
it  may  also  develop  independently  of  these  processes. 


(h)  Myxoma. 

§  110.  A  myxoma  is  a  tumor  consisting  chiefly  of  mucous  tissue,  and 
is  made  up  of  cells  and  a  liquid  or  gelatinous  intercellular  substance. 
The  cells  are  for  the  most  part  of  irregular  shape,  and  are  provided  with 
processes  of  varying  length  (Fig.  228)  which  anastomose  with  one  an- 
other (Fig.  229,  a).  The  tissue  is  markedly  translucent,  soft,  and  shows 
plainly  its  blood-vessels  when  they  are  filled  with  blood.  Gelatinous 
masses  or  a  tenacious  fluid,  both  of  which  swell  up  in  water,  may  be 
obtained  from  the  cut  surface. 

No  tumor  is  ever  completely  made  up  of  myxomatous  tissue ;  it  is 
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found  usually  in  combination  with  other  kinds  of  tumor-tissue,  especially 
with  connective  tissue,  fat,  cartilage,  and  sarcomatous  tissue.     For  this 
reason  the  tumors  are  called  fibromyxomata,  lipomyxomata  (Fig.  231), 
chondromyxomata     (Fig.    234, 
c),   and    myxosarcomata   (Fig. 
229). 

Myxomatous  tissue  may  be 
developed  from  fibrous  tissue, 
this  transformation  being  due  to 
the  fact  that  a  fluid  containing 
mucin  collects  in  the  meshes  of 
the  fibrillsB  and  then  gradually 
causes  the  latter  to  disappear. 
When  adipose  tissue  becomes 
myxomatous  the  fat  in  the  fat- 
cells  first  breaks  up  into  smaller 
drops  (Fig.  231,  h,  c),  and  then 
disappears  from  the  cells  alto- 
gether; after  which  the  latter 
contract  and  become  star- 
shaped  (d),  while  a  jelly-like 
material  containing  mucin  ap- 
pears between  the  cells.  When 
cartilage  is  transformed  into 
myxomatous  tissue  a  mucoid 
degeneration  takes  place  in  the 
basic  substance,  while  the  cells 
change  their  shape  (cf .  Fig.  234, 

c,  d).  Myxosarcomata  (Fig.  229)  may  develop  out  of  myxomata  through 
an  increase  in  the  proliferative  activity  of  certain  groups  of  cells,  or 
they  may  develop  from  sarcomata  through  the  accumulation  of  mucus 
between  the  cells  of  the  tumor. 

Myxomata,  myxofibromata,  and  myxolipomata  are  developed  most 
frequently  in  the  connective  tissue  of  periosteum,  skin,  fasciae,  and 
sheaths  of  muscles,  or  in  subcutaneous  and  subserous  fatty  tissue,  or  in 


Fig.  228.— Cells  from  a  myxoma  of  the  periosteum 
of  the  femur.  (Gold  preparation.)  Magnifled  400  diam- 
eters. 


Fig.  229.— Section  of  a  myxosarcoma.     (Miiller's  fluid;  carmine;  glycerin.)     a,  Mucous  tissue;  ö, 
of  cells ;  c,  fibrous  tissue.    Magnified  250  diameters. 


312 


LIPOMATA. 


bone-marrow.     Myxochondromata  occur  in  the  parotid,  and  are  even 
quite  common  there. 

Tliey  are  always  benign  tumors,  which  very  rarely  form  metastases. 
Myxosarcomata,  on  the  other  hand,  have  the  characteristics  of  sarcomata, 
and  consequently  may  form  metastases. 


(c)  Lipoma. 

§111.  A  lipoma  is  a  tumor  composed  of  adipose  tissue  (Fig.   230). 
These  tumors  are  sometimes  soft,  sometimes  solid,  usually  nodular  and 

lobulated,  and  they  often  reach 
great  size.  Their  structure  is 
very  like  normal  subcutaneous 
fat-tissue ;  that  is,  they  are  com- 
posed of  lobules  of  fat,  which  are 
held  together  by  thicker  or 
thinner  connective-tissue  septa. 

Microscopically,  too,  a  lipoma 
greatly  resembles  the  lobules  of 
subcutaneous      fat     (Fig.     230), 
although  the  arrangement  in  clus- 
ters, like  clusters  of    grapes,  is 
usually    lacking.      If     fat-tissue 
and  mucous  tissue  grow  together, 
as  often  happens,    the   tumor  is 
then  called  a  lipomyxoma  (Fig. 
231);  or  if  there  is  a  great  deal 
of  fibrous  tissue,  it  is    called   a 
lipofibroma  or  a  fibrolipoma. 
Usually  lipomata  develop  from  fat-tissue,  but  they  may  also  grow 
from  connective  tissue  that  has  normally  no  fat.     Calcification,  necrosis, 
gangrene,  and  sloughing  may  all  occur  in  large  lipomata.     These  tumors 


Fig.  230.— Lipoma  from  the  region  of  the  shoulder, 
with  relatively  small  fat-cells.  (Mailer's  fluid;  hae- 
matoxylin.)    Magnified  300  diameters. 
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Fig.  231.— Lipomyxoma  of  the  back.  (Miiller's  fluid;  Van  Gieson's  staining  mixture.)  a.  Large 
fat-cells;  b,  c,  fat-cells  in  which  the  fat  has  broken  up  into  small  drops ;  d,  mucous  tissue ;  e.  blood-vesseL 
Magnifled  300  diameters. 
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do  not  form  metastases,  but  sometimes  many  of  them  appear  at  one 
time.  A  complete  disappearance  of  a  lipoma  does  not  occur,  even  when 
the  individual  undergoes  a  marked  general  loss  of  flesh. 

Lipomata  are  sometimes  observed  even  in  new-born  children,  as,  for 
instance,  in  those  cases  in  which  they  are  found  in  or  over  the  clefts  be- 
longing to  spina  bifida ;  but  they  much  more  often  develop  for  the  first 
time  in  later  years.  The  favorite  seats  of  these  growths  are  the  subcuta- 
neous tissues  of  the  back,  buttocks,  neck,  axilla,  abdomen,  and  thigh ; 
but  they  may  also  be  found  in  the  connective  tissue  separating  individual 
muscles,  in  the  subserous  adipose  tissue,  in  the  kidneys,  in  the  intestine, 
in  the  mamma,  under  the  aponeurosis  upon  the  forehead,  in  the  me- 
ninges, in  the  hand,  in  the  fingers,  in  the  joints,  etc.  They  sometimes 
also  occur  as  multiple  growths,  and  may  then  show  a  tendency'  to  occu- 
py symmetrically  placed  parts  of  the  body.  A  rare  condition,  which 
occurs  in  men,  is  that  which  is  characterized  by  a  new  growth  of  fat  on 
the  neck  and  throat.  This  condition,  which  has  been  described  partic- 
ularly by  English  authors,  manifests  itself  in  the  form  of  knobbed  and 
lobulated  alterations  of  the  skin  in  this  region.  Madelung  gives  to  the 
condition  the  name  of  fotty  neck.  The  development  of  fat  in  these 
cases  takes  place  partly  in  the  subcutaneous  tissue  and  partly  in  and 
under  the  fasciae  and  between  the  muscles.  When  this  process  of  fat- 
production  extends  to  the  trunk,  to  the  upper  extremities,  etc.,  conditions 
will  be  established  which  resemble  very  closely  general  obesity. 

(d)  Chondroma. 

§  112.  A  chondroma  or  enchondroma  is  a  tumor  consisting  essen- 
tially of  cartilage.     The  amount  of  connective  tissue  found  in  its  struc- 
ture,   covering    its    surface    or 
penetrating    its     interior    as    a  -  >*^.Jil' 


framework  for  the  blood-vessels, 
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FIG.  232.  FIG.  233. 

FIG.  232.— Periosteal  chondroma  of  a  digital  phalanx,  seen  in  longitudinal  section,  a.  Chondroma  ;  /;, 
phalanx.    Natural  size. 

Fig.  233.— Section  through  a  chondroma  of  the  ribs.  Cartilage  containing  many  cells,  a.  Small,  h, 
large  cells.  (Preparation  stained  with  haematoxyun  and  carmine,  and  mounted  in  Canada  balsam.)  Mag- 
nified 80  diameters. 

is  so  slight  as  to  be  quite  lost  sight  of  when  compared  with  the  cartilagi- 
nous tissue. 

Cartilaginous  tumors  are  usually  developed  in  those  places  in  which 
cartilage  is  found  normally— that  is  to  say,  in  some  part  of  the  osseous 
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system  ol*  in  the  cartilaginous  part  of  the 


'')^^^ 
-%^ 


.:•.* 


respirator^'  apparatus;  but 
the}^  do  also  occur  in  tis- 
sues which  normally  have 
n  o  cartilage,  a  s ,  for 
example,  in  the  salivary 
glands,  and  particularly  in 
the  parotid,  in  the  testicle, 
and  more  rarely  in  other 
organs.  They  may  devel- 
op in  bones,  from  remains 
of  cartilage  left  intact  at 
the  time  of  ossification; 
but  they  are  more  apt  to 
arise  in  the  marrow  or 
in  the  periosteum  (Fig. 
232).  These  tumors  vary 
greatly  in  size.  The  small 
ones  are  usually  spherical 
in  shape;  the  larger  ones 
knobbed  o  r  lobulated. 
The  individual  nodules  are 
separated  from  one  another 
by  connective  tissue. 
Several  of  them  often  occur 

at  the  same  time,  particularly  in  the  hands  aud  feet,  although  they  may 

also  develop  in  other  parts  of  the  skeleton. 

The  tissue  of  an  enchondroma  is  usually  that  of  hyaline  cartilage 

(Fig.  233) ;  less  often  is  it  composed  of  reticular  or  fibro-cartilage.    Still 

there  are  often  fibrous  patches  in  the  hyaline  cartilage.     The  periphery 


Fig.  234.— Chondromyxosarcoina  of  the  parotid  gland.  (Al- 
cohol: carmine.)  a.  Cartilage  tissue;  /j,  sarcumsi  tis«me-;  c. 
mucous  tissue ;  d,  cartilage  in  process  of  breaking  dovsTi  and 
being  converted  into  sarcoma  and  mucous  tissue.  Magnified  .S(J 
diameters. 


a.^. 


Fig.  235.— Periosteal  chondroma  of  tbe  calcaneus;,  with  areas  of  calcification.    (Miiller's  fluid ;  litematoxylin. 
a,  Hyaline  cartilage ;  ö,  c,  calcified  cartilage.    Magnified  250  diameters. 
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is  often  composed  of  fibrous  tissue,  which  constitutes  a  sort  of  perichon- 
drium. 

The  number,  size,  form,  and  arrangement  of  the  cells  vary  greatly 
in  different  enchondromata,  and  also  in  the  same  tumor.  Certain 
ones  contain  many  cells  (Fig.  233),  others  few;  then,  again,  some  have 
small  cells  and  others  large ;  and  others  still  have  both  large  and  small 
cells. 

The  cells  themselves  have  sometimes  capsules  and  sometimes  none; 
sometimes  they  lie  in  groups  in  a  mother-capsule,  sometimes  the  indi- 
vidual cells  are  scattered  about  in  a  regular  manner.  All«  the  varieties 
of  cartilage  which  exist  normally  may  be  found  in  tumors.  Accordingly 
we  find  cells  of  different  forms,  the  majority  of  them,  however,  being 
of  the  round  form.  Nevertheless  it  is  common  enough  to  find  spindle- 
and  star-shaped  cells,  especially  in  the  neighborhood  of  the  connective- 
tissue  bands,  which  separate  the  tumor  into  lobules  or  surround  it  as  a 


Fig.  236.— Osteochondroma  of  the  humerus.  (Alcohol :  picric  acid;  hasmatoxylm ;  carmine.)  a. 
Hyaline  cartilage ;  ö,  bone ;  c,  cartilage  which  is  being  converted  into  bone ;  d,  blood-vessel.  Magnified  250 
diameters. 


whole.  What  was  said  in  §  89  holds  good  here  with  reference  to  the 
method  of  development.  Sometimes  cartilage  forms  the  matrix,  some- 
times bone-marrow,  or  periosteum,  or  bone,  or  one  of  the  forms  of  con- 
nective tissue.  Cartilaginous  tumors  growing  from  cartilage  have  been 
denominated  eccJiondroses. 

The  tissue  of  enchondromata  is  often  subject  to  retrograde  metamor- 
phoses. Some  of  the  cells  often  contain  fat-drops.  In  large  tumors  the 
basic  substance  often  undergoes  a  mucoid  degeneration  and  becomes 
fluid.  The  result  is  either  the  formation  of  mucous  tissue  (Fig.  234,  c), 
thus  giving  rise  to  a  cliondromyxoma ;  or  the  intercellular  substance  un- 
dergoes complete  liquefaction  and  the  cells  are  destroyed,  in  which  case 
cysts  with  fluid  contents  are  formed — the  result  of  softening  processes. 
In  other  cases  cartilage  calcifies  (Fig.  235,  h,  c),  or  genuine  bone  may  be 
formed  (Fig.  236,  c,  h),  so  that  the  name  osteochondroma  must  be  em- 
ployed in  designating  such  a  growth.  By  excessive  proliferation  of  the 
18 
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cells  of  the  cartilage,  sarcomatous  tissue  may  result,  and  the  neoplasm 
becomes  a  chondrosarcoma  (Fig.  234,  h). 

An  enchondroma  is  usually  a  benign  growth,  although  in  certain 
cases  of  mixed  tumors  metastases  may  occur. 

In  the  vicinity  of  the  place  where  the  sphenoid  and  the  occipital  bones  unite,  in  the 
median  line  of  the  clivus,  there  sometimes  appears  a  very  small  tumor  to  which  Virchow 
has  given  the  name  of  an  ecchondrosis  physalifera  spheno-occipitaljs.  This  little 
tumor  either  occupies  the  space  between  the  bone  and  the  dura  mater,  or  at  its  higliest 
point  it  pierces  the  latter  and  penetrates  into  the  arachnoid  and  the  pia.  In  its  typical 
form  the  tumor  consists  of  bladder-like  cells,  not  unlike  the  cells  of  plant  life,  and  it 
takes  its  start  from  the  medullary  portion  of  the  bone  and  also  in  some  measure  from  its 
superficial  portions.  In  addition  to  the  tissue  which  is  peculiar  to  the  tumor  there  may 
enter  into  its  composition  a  certain  amount  of  cartilage  and  bone  ;  a  circumstance  which 
has  led  Virchow  to  look  upon  the  growth  as  a  chondroma  which  has  developed  from  re- 
mains of  the  spheno-occipital  cartilage,  and  which  is  characterized  by  having  cells  that 
have  undergone  a  peculiar  bladder-like  degeneration.  However,  the  characteristic 
structure  of  the  tissue  rather  favors  the  view,  originally  put  forward  by  H.  Müller  and 
recently  adopted  by  Ribbert,  that  this  little  tumor  is  the  outcome  of  a  proliferative 
activity  on  the  part  of  some  remains  of  the  chorda  (chordoma). 

(e)   Osteoma. 

§  113.  An  osteoma  is  a  tumor  consisting  of  boKe.  Tumors  of  this 
nature  are  generally  found  in  connection  with  the  osseous  system  (Figs. 
237-239),  but  they  may  occur  elsewhere. 

New  growths  of  bone  in  connection  with  a  normal  bone  have  been 
variously  designated  according  to  their  location  and  relations.  If  a  new 
growth  of  bone  is  confined  to  a  limited  area  it  is  called  an  osteophyte,  or 
if  of  considerable  size,  an  exostosis.  Circumscribed  bony  growths  inside 
of  bones  are  called  euostoses.    New  growths  of  bone  which  are  not  attached 


Fig.  :ro7.—I\ory-like  exostosis  of  the  parietal  bone.    Natural  size. 


to  old  bone  are  uf  four  sorts :  movahle  ijeriostecd  exostoses,  which  are  sur- 
rounded by  the  tissues  of  the  periosteum,  but  are  separate  from  the 
bone;  iDarosteal  osteomata,  which  have  their  seat  near  a  bone;  discon- 
nected osteomata,  which  are  removed  to  some  distance  from  any  bone  and 
are  situated  in  tendons  and  muscles;  and  finally,  heterojjlastic  osteomata, 
which  occur  in  other  organs,  as,  for  example,  in  the  lungs,  in  the  mucous 
membrane  of  the  bronchial  tubes,  in  the  skin,  in  the  mamma,  etc. 

The  teeth,  too,  may  have  excrescences.     If  they  are  formed  from  the 
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cement,  they  are  called  denial  osteomata :  if  from  the  dentine,  odonto- 
mata.  We  can  divide  osteomata  into  hard  or  ehurneous  (osteoma  dumm 
or  eburneum)  (Figs.  237  and  239) 
and  softer  spongy  forms  (osteoma 
spongiosum  or  medulläre)  (Figs. 
238  and  240).  The  former  con- 
sist of  a  firm,  compact  tissue  like 
the  cortical  portion  of  the  shafts 
of  long  bones,  and  have  very  nar- 
row nutrient  canals  (Fig.  239,  «); 
the  latter  are  made  up  of  thinner 
and  more  delicate  masses  of 
bone-tissue  with  wide  medullary 
spaces  (Fig.  240),  imitating  in 
their  structure  the  cancellous 
tissue  of  bones. 

Sometimes  the  surface  is 
regular  and  smooth,  so  that  the 
whole  tumor  has  the  appearance 
of  a  cone  with  a  rounded  top 
(Fig.  237),  or  that  of  a  ball,  or 
that  of  a  knob  attached  to  a 
stem ;  or  it  may  be  irregular  in 
shape,  rough  and  w^arty  (Fig. 
238).  The  former  is  the  case 
with  the  ivory-like  nodules  which 

most  commonly  appear  as  exostoses  on  the  skull  (Figs.  237  and  239), 
while  the  latter  is  true  of  the  spongy  exostoses  and  the  disconnected  and 


Fig. 


Cartilaginous  exostosis  of  the  upper  dia- 
physis  of  the  tibia.    Reduced  about  one-half. 


^■'-i^>''^  Warn  ^' 


Fig.  239.— Ebumeous  osteoma  of  occipital  bone,  seen  in  frontal  section,    a.  Osteoma ;  />,  wall  of  cranium. 

( Eight-ninths  life  size.; 
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heteroplastic  osteomata.  such  as  are  observed,  for  instance,  in  the  falx 
of  the  dura  mater  <Tig.  '240} . 

Osteomata  occur  either  singly  or  in  multiple  form,  and  the  latter  mode 
of  occuiTence  is  rather  common.  The  ivory-like  exostoses  of  the  sknll 
(Fig.  239)  and  the  osteomata  of  the  dura  mater  often  develop  in  great 
numbers,  and  circumscribed  bony  growths  may  form  in  large  numi^ers 
on  the  bones  of  the  tnink  and  lower  extremities.  In  such  cases  the  epi- 
physes or  points  of  insertion  of  tendons,  or  both  together,  are  the  favo- 
rite seats.  Such  growths  are  evidently  to  l^e  referred  to  an  inherited 
disposition,  on  the  part  of  the  points  affected,  to  overgrowth,  or  else  to 
a  distui'bance  in  the  development  of  the  skeleton.  Sometimes  a  trans- 
mitted tendency  can  be  proved.  Thin  discs  and  splinter-like  pieces  of 
bone,  such  as  are  found,  in  rare  cases,  in  the  lungs  or  in  the  mucous 
membrane  of  the  air  passages,  may  also  at  times  be  encountered  in  large 
numbers. 

The  bony  tissue  is  developed  partly  through  the  formation  of  osteo- 
blasts, as  described  in  .^  89.  partly  through  the  metaplasia  of  formed  tis- 
sues (§  93\  The  matrix  is  formed  chiedy  from  the  connective  tissue  of 
the  periosteum,  as  well  as  from  that  of  the  site  whence  the  osteoma 
springs :  also  fi'om  the  cartilage  and  the  marrow.  If  an  exostosis  devel- 
ops in  such  a  manner  that  cartilage  is  first  formed  from  the  periosteum 
or  the  marrow,  and  then  bone  develops  out  of  this,  we  apply  to  this  the 
term  cartilaginous  exostosis  (Fig.  238).     But  if  this  intermediate  stage 


Fig.  24C'.— C'r.t'.-'^a   jf  tte  dura  n^a:-:  -  _-_  -        .l  ;    canniceJ     Vaenifel  i*? 


of  cartilage  is  wanting,  and  the  exostosis  develops  directly  from  the  pro- 
liferating periosteum,  then  we  term  the  growth  a  connective-tissue  exostc^- 
sls  (Figs.  237,  239,  and  240 1. 

If  a  tumor  is  made  up  of  connective  tissue  and  bone  in  such  a  man- 
ner that  the  connective  tissue  makes  up  a  considerable  portion  of  the 
tumor,  and  does  not  simply  represent  the  periosteum  and  marrow  of  the 
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bone,  the  tumor  is  called  an  osteofibroma.  Such  tumors  generally 
spring  from  the  osseous  system.  If  there  is  an  abundant  formation  of 
bone  in  a  chondroma,  the  name  osteochondroma  is  used.  Osteochon- 
dromata  (Figs.  236  and  241)  are  also  usually  connected  with  the  long 
bones.     The  new  growth  may  develop  in  the  periosteum   (Fig.  241,  c), 


Fig.  341.— Osteochondroma  of  the  humerus.  (Alcohol:  picric  acid;  haematoxylin ;  carmine.)  a. 
Cortical  part  of  the  humerus;  h,  medullary  cavity;  c,  layer  of  new  bone  deposited  by  the  periosteum; 
d,  normal  Haversian  canals ;  e,  düated  Haversian  canals  filled  with  cartilage,  which  canals,  at  f,  contain 
newly  formed  bone ;  g.  cartilage  which  has  been  produced  by  the  periosteum,  and  which,  at  h,  contains 
bone-trabeculffi ;  i,  cartilage  produced  by  the  tissues  of  the  bone-inarrow  and  containing,  at  k,  bone-trabeculae ; 
{,  old  bone-trabeculae ;  m,  remnant  of  bone-marrow.    Simply  enlarged  by  means  of  a  magnifying  lens. 


or  in  the  marrow  (a,  b) .     An  abundant  growth  of  bone-trabeculae  (/,  h, 
k)  in  the  cartilage  {e,  g,  i)  gives  the  tissue  a  firm,  hard  consistence. 

Many  of  the  new  growths  of  bone  which  come  under  observation  are 
not  tumors  in  the  strict  sense  of  the  term,  but  hyperplasias  resulting 
from  excessive  growth  or  inflammatory  processes.  This  is  true  of  many 
osteophytes  and  exostoses,  and  also,  to  a  certain  extent,  of  the  parostoses 
and  disconnected  osteomata.  Scales  of  bone  which  occasionally  form  in 
the  falx  of  the  dura  mater,  and  which  possess  a  normal  medullary  sub- 
stance (Fig.  240),  are  to  be  considered  as  dislocated  or  misplaced  por- 
tions of  the  embryonic  skeleton.  The  formations  of  bone  which  occur 
in  the  deltoid  muscle  and  in  the  adductors  of  the  thigh  from  constant 
carrying  of  a  musket  and  horseback-riding  must  be  looked  upon  as  tu- 
mors which  owe  their  origin  to  a  local  congenital  predisposition ;  for  the 
connective  tissue  belonging  to  muscles  shows  itself  possessed  of  quali- 
ties which,  as  a  rule,  belong  only  to  the  periosteum  and  bone-marrow. 
The  so-called  myositis  ossificans — that  peculiar  disease  of  the  muscles 
which  is  characterized  by  a  progressive  ossification,  in  childhood,  of 
their  connective  tissue — is  to  be  interpreted  in  the  same  way. 
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(f)  Hmmangiomata  and  Lymphanglomata. 

§  114.  Under  the  name  angioma  are  grouped  those  new  growths  in  the 
structure  of  ivhich  blood-vessels  or  lymph-vessels' constitute  such  an  important 
part  as  to  determine  the  character  of  the  tumor. 

Vascular  tumors  which  arise  from  blood-vessels  are  called  haemangi- 
omata,  or  angiomata  in  the  restricted  sense  of  this  term ;  while  those 
which  arise  from  lymph-vessels  are  called  lymphanglomata.  They 
consist  to  a  large  degree  of  growths  which  may  be  looked  upon  as  mal- 
formations of  a  more  or  less  considerable  vascular  area.  Four  principal 
varieties  may  be  distinguished:  hcemangioma  simplex,  haima)igioma  cav- 
ernosum,  hemangioma  hypertrophicum,  and  angioma  arteriale  racemosum. 

Haemangioma  simplex,  or  telangiectasia,  are  terms  used  to  describe 
a  formation  in  which  there  are  an  abnormal  number  of  normal  blood-ves- 


Fig.  243.— Telangiectasia  of  the  panniculus  adlposiis  of  the  abdominal  walls.    (Fonnalln;   ha?matosylinJ 
eosin.)    a,  Blood-vessels  filled  with  blood ;  b,  adipose  tissue.    Magnified  80  diameters. 


sels,  or  abnormally  broad  capillaries  aud  veins,  ichose  structure,  in  part  at 
least,  is  abnormal. 

Such  formations  are  most  often  found  in  the  skin  and  in  the  subcu- 
taneous tissue.  They  are  usually  congenital,  but  grow  after  birth. 
They  are  called  vascular  nsevi  {ncEvi  vasculosi),  and  are  often  found  in 
places  where  foetal  clefts  have  clo^edi  {fissural  angiomata).  It  is  often 
impossible  to  speak  of  such  a  formation  as  a  true  tumor,  for  the  skin 
may  not  be  raised  at  all.  But  there  are  also  telangiectases  which  de- 
serve the  name  of  tumor.  In  these  not  only  the  skin,  but  also  the  sub- 
cutaneous tissue,  may  be  the  seat  of  the  disease ;  and  the  tumor  presents 
itself  either  as  a  sharply  defined  growth  or  merely  as  a  thickening  of  the 
skin.  The  smooth  nsevus  vasculosus,  on  the  other  hand,  is  a  superficial 
substitution  of  another  tissue  for  that  of  the  skin.  The  color  of  the 
affected  part  is  either  bright  7^ed  (na^vus ßammeus)  or  bluish  red  {ncevus 
vinosvÄ).  Usually  the  line  of  demarcation  between  healthy  and  affected 
skin  is  not  a  sharp  one»     On  the  border  of  the  chief  discoloration  or  in 
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its  neighborhood  are  often  little  circumscribed  red  spots,  presenting 
sometimes  the  appearance  of  outrunners  from  the  centre  of  the  disease. 


Fig.  243. 


-Dilated  capillaries  from  a  telangiectatic  tumor  of  the  brain,  all  the  attached  portions  of  tumor- 
tissue  having  been  shaken  off  in  water.    Magnified  200  diameters. 


The  red  color  is  produced  hj  dilated  vessels  full  of  blood,  which  are 
situated  either  in  the  corium  or  in  the  subcutaneous  adipose  tissue  (Fig. 
242,  a).  There  are  also  cases  in  which  large  areas  of  subcutaneous  adi- 
pose tissue  present  a  reddish  appearance,  by  reason  of  the  pathological 
development  of  new  blood-vessels.  More  rarely  than  in  skin  do  we  find 
similar  angiomata  in  glands  (the  breast) ,  in  bones,  and  in  the  brain  (Fig. 
243)  and  spinal  cord  and  their  membranes.  On  the  other  hand,  we 
often  find  analogous  alterations  of  the  vessels  in  tumors — e.g.,  in  glio- 
mata  or  sarcomata. 

If  the  vessels,  which  are  usually  abnormally  abundant,  are  isolated, 
it  becomes  evident  that  the  capillaries,  or  also  the  small  veins  (angioma 


Fig.  244.— Angioma  cavernosmn  cutaneum  congenitum.    (Miiller's  fluid,  haematoxylin.)    a,  Epidennis;  b, 
corium  ;  c,  cavernous  blood-spaces.    Magnified  20  diameters. 

simplex  venosum),  are  more   or  less  dilated.     These  dilatations   (Fig. 
243)  may  be  fusiform  or  cylindrical,  sacculated,  or  spherical,  and  the 
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different  forms  of  dilatations  combine  in  the  greatest  varietj-  of  ways. 
The  dilated  blood-vessels  are  united  with  one  another  by  capillaries  of 


Pig.  245  —  \nsriouia  tavcniobum  hepatis      (Mullein  fluid      hT?matx^\\lin :  eosin  )     a    liver  tissue;   ?), 
angioma.    Maguifled  100  diameters. 

normal  or  slightly  increased  dimensions.  The  vessel  walls  are  thin ;  that 
is  to  say,  they  are  only  slightl}^  thicker  than  those  of  a  normal  capil- 
lary. 

A  hasmangioma  cavernosum,  or  cavernous  tumor,  is  a  new  growth  of 
hlood-vessels  ivMcJi  consists  of  a  cavernous  spongy  tissue,  whose  structure 
suggests  that  of  the  corpus  cavernosum  or  spongiosum  of  the  penis 
(Fig.  244  and  Fig.  245) .  If  the  spaces  are  filled  with  blood  the  tumor 
has  a  bluish  or  dark  reddish  ap- 
pearance. 

A  cavernous  angioma,  like  a 
simple  angioma,  usually  occurs  in 
the  skin  (Fig.  244,  c)  or  the  sub- 
cutaneous tissue,  where,  at  the 
time  of  its  development,  it  ap- 
pears like  a  pathological  sketch 
of  the  vascular  system.  Some- 
times it  is  a  bluish-red  spot  {noi- 
viis  vasculosus  vinosus) ;  sometimes 
it  resembles  a  slightly  elevated 
wart  with  a  smooth  surface  (Fig. 
244),  or  one  with  a  bluish-red, 
somewhat  irregular  surface  {ncevus 
vasculosus  ]3rominens,  verruca  vas- 
cidosa)  ;   and  finally,  it  may  include 

more  extensive  areas  of  skin  which  are  either  discolored  a  bluish-red  or 
are  thickened,  and  if  the  development  of  cavernous  tissue  extends  into 
the  subcutaneous  or  even  into  the  intermuscular  connective  tissue,  there 


Fig.  246. -Section  through  the  margin  of  a  very 
small  cavernous  angioma  of  the  liver,  at  a  time  when 
this  mararin  was  in^process  of  active  growth.  (Car- 
mine preparation.)    Magnifled  150  diameters. 
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may  result  great  tumors  or  disfiguring  irregularities  of  the  portions  of  the 
body  affected  {elephantiasis  hcemangiomatosa). 

Hemorrhoids  are  the  bluish-red,  knotty,  vascular  tumors  which  form 


Fig.  347.— Angioma  simplex  hypertrophicum.  (Formalin ;  hematoxylin.)  a.  Blood-vessels  containing 
blood ;  Ö,  empty  and  collapsed  blood-vessels,  with  thick  walls  and  richly  supplied  with  nuclei.  Magniüed 
100  diameters. 


in  the  thickened  mucous  membrane  of  the  anus.  They  are  generally 
considered  to  be  varicose  dilatations  of  the  vessels,  brought  about  by 
obstruction  to  the  blood  current,  and  by  chronic  inflammatory  processes. 
According  to  the  investigations  of  Eeinbach,  these  tumors  are  true  angi- 
omata,  whose  development,  which  may  begin  in  early  childhood,  de- 
pends on  a  new  formation  and  cavernous  metamorphosis  of  the  blood- 
vessels, and  may  be  quite  independent  of  any  obstruction  to  the  blood 
flow. 

Within  the  body  cavernous  angiomata  are  most  often  found  in  the 

liver  (Fig.  245,  a,  6),  although  they 
may  also  be  found  in  the  other  or- 
gans—  the  kidneys,  spleen,  intes- 
tines, bladder,  bones,  muscles,  uterus, 
brain,  etc.  In  the  liver  they  are 
found  as  dark-red  areas,  varying  in 
size  from  that  of  a  pin's  head  to  that 
of  a  body  several  centimetres  in 
diameter.  They  displace  the  sub- 
stance of  the  liver  and  do  not  stand 
out  above  the  surface  of  the  organ. 
They  are  found  in  elderly  persons, 
and  owe  their  origin  to  a  cavernous 
metamorphosis  of  the  capillaries  of 
the  liver  (Fig.  246);  the  liver  cells 
perishing,  while  the  walls  of  the 
capillaries  proliferate.  In  the  case 
of  very  small  intra-acinous  angio- 
mata, one  can  make  out  the  com- 
munication between  the  capillaries  of  the  liver  and  the  cavernous  spaces 
(Fig.  246).     Larger  angiomata  are  separated  from  the  substance  of  the 


Fig.  248.— Angioma  simplex  hypertrophicum 
cutaneum et subcutaneum.  (Alcohol;  carmine.) 
In  the  middle  of  the  section  is  the  duct  of  a 
sweat-gland  cut  transversely.  Magnified  200 
diameters. 
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liver  by  a  sort  of   a  capsule  (Fig.  245),  which  is  formed  in  part  of 


Fig.  249.— Angioma  caveraosum  hypertrophiciim  of  the  skul\-cap.  (Müller's  fluid;  haematoxylin.) 
a.  Blood-vessels  with  flattened  endothelium ;  h,  blood-vessels  with  cuboidal  and  cylindrical  endothelium. 
Magnified  250  diameters. 

the  capsule  of  Glisson,  and  in  part  of  newly  developed  connective  tissue. 
The  blood  spaces  of  a  cavernous  angioma  are  lined  with  a  flattened 


Fig.  250.  -Angioma  arteriale  plexiforme  of  the  frontal  and  angular  arteries  of  both  sides.- 
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endothelium.  The  walls  are  usually  thin ;  but  their  thickness,  as  well 
as  the  amount  of  connective  tissue  between  the  individual  vessels,  varies 
greatly.  Some  of  the  blood  spaces  may  undergo  a  fibrous  degeneration, 
in  connection  with  the  formation  of  a  thrombus. 

Haemangioma  hypertrophicum,  in  its  typical  form  {Hoemangioma 
simplex  hypertrophicum),  occurs  most  frequently  in  the  skin  and  subcu- 
taneous tissue,  where  it  forms  a  circumscribed  nodule,  not  unlike  the 
soft,  smooth  warts.  The  pathologically  altered  vessels  may  lie  in  the 
papillae  or  in  the  corium  or  in  the  subcutaneous  tissue.  They  present 
themselves  either  as  narrow  tubes  filled  with  blood  (Fig.  247,  a,  and 
Fig.  248),  whose  walls  are  more  or  less  thick  and  abnormally  rich  in 
cells;  or  else  as  firm  strings  of  cells  (Fig.  247,  h),  which  are  either  col- 
lapsed, thick-walled  vessels,  or  possess  no  lumen  whatever. 

In  very  rare  instances  it  happens  that  an  hypertrophy  of  the  walls 
takes  place  in  an  angioma  which,  from  the  calibre  of  its  vessels,  is  prop- 
erly classed  as  cavernous;  and  this  hypertrophy  is  due  to  the  fact  that 
the  pavement  endothelial  cells  are  altered  to  cubical  or  cylindrical 
cells  (Fig.  249,  h).  Such  a  tumor  may  therefore  be  called  an  ancjioma  ca- 
vernosura  hypertrophicum  (or,  in  some  cases,  angiosarcoma  endotheliale). 

A  cirsoid  aneurism,  or  angioma  arteriale  racemosum,  or  angioma 
arteriale  plexiforme  (Fig.  250),  is  a  condition  in  which  the  arteries  of  a 
whole  group  are  dilated,  tortuous,  and  thickened,  so  that  they  form  a  con- 
volution of  enlarged  arteries.  They  feel  to  the  palpating  finger  like  a 
bunch  of  earthworms.  Many  of  these  angiomata,  which  are  found  par- 
ticularly on  the  head,  and  which  may  cause  erosion  of  bone,  are  con- 
genital in  origin-  Others  appear  to  be  acquired,  and  develop  in  conse- 
quence of  a  traumatism ;  and  yet  it  is  possible  that,  already  before  the 
injury  was  inflicted,  certain  special  conditions  existed  at  the  affected  point. 


Fig.  251. -Lymphangioma  cavemosum  subcutaneum,    (Alcohol :  alum  carmine.)    a.  Ectatic  lymph-vessels ; 
b.  fibrous  tissue ;  c,  fat ;  d,  larger  blood-vessels ;  f ,  cellular  tissue.    Magnified  20  diametci-s. 

§115.  Angioma  lymphaticum,  or  lymphangioma  (Fig.  251),  is 
composed  of  a  tissue  the  greater  part  of  which  is  made  up  of  dilated 
lymph-vessels.     The  different  forms  are:  lymphangioma  simplex,  or  telan- 
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giectasia  lymphatica;  lymphangioma  cavernosum  ;  lympnayigioma  cystoides ; 
and  lymphangioma  hypertrophiciim.  The  fluid  contained  in  the  cavities 
is  usually  a  clear  and  bright  lymph,  but  sometimes  it  is  milky. 

In  the  simple  lymphangioma  the  lymph-vessels  to  a  greater  or  less 
distance  are  dilated,  and  their  walls  are  usually  thickened.  In  the 
cavernous  lymphangioma  (Fig.  251)  the  vessels  are  still  more  increased 
both  in  number  and  in  size,  while  the  intervening  tissue  is  diminished 
in  quantity,  so  that  even  to  the  naked  eye  the  tissue  appears  spongy. 
The  cystic  lymphangiomata  contain  cysts  from  the  size  of  a  i:>ea  to  that 

of  a  walnut  or  greater.  The  tissue  be- 
tween the  dilated  lymph- vessels  is, 
according  to  the  part  from  which  the 
tumor  springs,  connective  tissue,  or  fat 
(Fig.  251,  c),  or  muscle,  or  some  other 
tissue.  Sometimes  this  tissue  includes 
foci  of  lymphadenoid  tissue  (e).  More- 
over, it  may  present  the  signs  of  active 
proliferation. 

Lymphangiomata  are  sometimes  con- 
genital, and  at  other  times  they  make 
their  first  appearance  only  later  on  in 
life.  As  a  congenital  phenomenon  ec- 
tasia of  the  lymi^h-vessels  is  observed 
in  different  forms,  particularly  in  the 
tongue  {macroglossia) ,  in  the  palate,  in 
the  lips  (maa^ocheilia) ,  in  the  skin 
{mevus  lymphaticus),  in  subcutaneous 
tissue,  in  the  neck  {hygroma  colli  con- 
genitum),  in  the  vulva,  etc.  Lymphan- 
giornata  of  the  skin  spread  out  over  more 
or  less  extensive  areas,  and  they  may 
give  rise  to  smooth  or  to  slightl}^  uneven 
elevations  of  the  skin.  When  the  blood- 
vessels are  well  developed  they  may 
lend  a  reddish  appearance  to  the  part. 
The  bursting  of  dilated  lymph- vessels 
which  lie  immediately  beneath  the  epi- 
thelium, may  keep  up  a  constant  moist 
condition  of  the  surface  and  so  establish 
a  lymphorrhoea.  If  the  cavernous  de- 
velopment of  the  subcutaneous  lymph- 
vessels  spreads  over  large  areas  of  the 
skin,  conditions  outwardly  resembling  those  of  elephantiasis  may  result. 
In  such  cases  the  intervening  tissue  usually  takes  part  in  the  hyper- 
trophic growth,  or  there  will  be  established  a  fibrous  elephantiasis, 
with  lymphangiectasia. 

In  rare  cases  chylangiomata,  containing  chyle,  appear  in  the  course 
of  the  lymph- vessels  of  the  intestine  or  mesentery.  Cystic  lymphan- 
giomata of  the  peritoneum  are  also  extremel}^  rare. 

The  pathological  formations,  which  may  be  grouped  •  under  the  sin- 
gle heading  of  hypertrophic  lymphangiomata,  consist  of  peculiar  alter- 
ations of  the  skin,  which  either  are  congenital  or  else  first  manifest 
themselves  in  early  youth.  They  are  commonly  termed  pigmented 
B8evi,  lentigines,  ephelides,  and  fleshy  warts. 


Fig.  353.— Large,  bard  pigmented  ngevus 
of  the  back,  buttocks,  and  thighs,  with  scat- 
tered smaller  pigmented  spots  on  the  upper 
part  of  the  body.    (After  Röhring.) 
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The  pigmented  ncevi  (ncevi  pigmentosi) ,  or  melanomata,  form  larger  or 
smaller  plaques  situated  on  the  same  level  with  the  surrounding  skin 


Fig.  253.— Lymphangioma  hypertrophicum.      Section  thiou^b    a  small,  soft,  smooth   wart..   (Formalin j 
haematoxylin ;  eosin.)    Magnifled  40  diameters. 

(nsBvus  spilus),  or  raised  above  it  like  warts  (naevus  prominens,  nsevus 
verrucosus),  and  often  studded  with  hairs  (naevus  pilosus).  They  are 
pale  brown  or  dark  brown  or  black  (Fig.  252),  and  are  usually  covered 
by  normal,  less  often  by  hj^pertrophied  epidermis.  They  are  usually 
small,  but  they  may  be  as  large  as  an  ordinary  plate,  and  in  rare  in- 
stances they  may  cover  a  large  part  of  the  body. 

Lentigines  appear  at  any  time  after  birth,  and  on  any  part  of  the  sur- 
face of  the  body ;  and  when  once  formed  they  remain  for  life.     They 


Fig.  354.— Lymphangioma  hypertrophicum.    Rounded  summit  of  a  rather  large,  soft,  smooth  wart.    (Forma- 
lin ;  haematoxylin    eosin.)    Sharply  limited  nests  of  cells  in  the  corium.    Magnifled  350  diameters. 
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closely  resemble  the  little  pigmented  nsevi,  and  form  well-defined  spots 
of  a  yellow  or  brown  or  almost  black  color,  and  as  large  as  a  fjin-head  or 
larger. 

Freckles,  or  e2^helides,  are  ill-defined,  angular,  pale-brown  spots,  not 
elevated  above  the  surface,  which  appear  in  the  early  years  of  life  espe- 
cially on  the  face,  hands,  and  seldom  elsewhere,  and  which  either  re- 
main permanently  or  in  course  of  time  disappear.  The  pigmentation  is 
favored  by  the  sunlight. 

Fleshy  luarts  {verrucce  caiiiece)  are  non-pi gmen ted,  well-defined, 
smooth  (Fig.  253),  or  slightly  roughened,  or  very  uneven  papillary 
growths  caused  by  a  normal  or  hypertrophic  epithelium  (Fig.  253,  a). 

In  all  of  the  pathological  formations  just  described  the  connective- 
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Fig.  255.— Section  through  two  papillae  of  a  papillomatous  fleshy  wart,  a.  Thickened  homy  layer  of  epi- 
dermis ;  5,  epithelial  pearls ;  c,  rete  Malpighii ;  c7,  nests  and  strings  of  cells  in  the  papillae ;  f?i,  nests  and  cells 
in  the  reticular  layer ;  e,  connective  tissue.    (Preparation  stained  with  carmine.)    Magnified  5(^1  diameters. 

tissue  framework  incloses  masses  of  cells,  either  in  round  groups  or 
drawn  out  into  bands  (Fig.  253,  Fig.  254,  Fig.  255,  d,  dj.  They  lie 
partly  in  the  papillae  and  partly  in  the  corium,  and  are  more  abundant 
in  those  cases  in  which  the  growth  is  elevated  above  the  surface  of  the 
skin.  In  the  pigmented  growths  the  cells  of  the  cell-nests  may  also  be 
bearers  of  the  pigment,  which  either  occurs  in  the  form  of  separate 
brown  and  yellow  granules,  or  else  is  diffused  throughout  the  substance 
of  the  cells.  In  many  instances,  however,  the  pigment  is  to  be  found 
mainly  in  the  connective-tissue  cells  of  the  fibrous  portions  of  thä 
growth. 

The  cells  of  the  cell-nests  are  comparatively  large  (Fig.  254),  and 
they  possess  an  abundant  protoplasm  and  a  bright,  bladder-like  nucleus. 
From  the  position  which  they  occupy  and  from  the  appearance  which 
they  present,  one  is  warranted  in  drawing  the  conclusion  that  they  ar^? 
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the  product  of  the  proliferation  of  the  endothelial  cells  of  the  lymph-vessels. 
Accordingly,  it  would  appear  to  be  proper  to  place  these  growths  in  the 
category  of  the  endotheliomata  or  in  that  of  the  lymphangiosarcomata, 
but  the  limited  extent  to  which  they  grow  makes  it  seem  more  correct 
to  classify  them  among  the  lymphangiomata  (compare  §  123).  The  ag- 
gregations of  cells  which  are  found  in  the  hypertrophic  form  of  lym- 
phangioma may,  to  a  certain  extent,  be  spread  out  somewhat  diffusely 
through  the  tissues,  as  also  occurs  in  the  case  of  an  hypertrophic  haem- 
angioma.  When  this  happens,  the  peculiarities  of  structure  which 
characterize  this  form  of  growth  will  be  lost. 

Unna,  Kromayer,  and  Delbanco  hold  the  view  that  the  cell-nests  of  the  cellular  naevl 
are  of  epithelial  origin,  representing  portions  of  the  surface  epithelium  which  have 
dropped  down  to  a  lower  level ;  and  Kromayer  goes  so  far  as  to  assume  a  metaplasia  of 
epithelium  from  the  surface  to  the  connective-tissue  stratum.  I  have  not  at  my  disposal 
any  preparations  which  show  the  first  stages  in  the  development  of  these  ngevi.  More 
recent  exhaustive  studies  relating  to  nsevi  and  fleshy  warts  have  failed  to  reveal  any 
connection  between  the  cell-nests  and  the  epithelium,  and  consequently  I  favor  the  belief 
— notwithstanding  the  investigations  of  these  last-named  authors — that  the  pathology 
which  is  given  in  the  main  body  of  the  text,  in  regard  to  these  nsevi  and  fleshy  warts,  is 
that  which  most  perfectly  harmonizes  with  their  anatomy  and  clinical  behavior,  both 
when  they  are  fully  developed  and  when  they  undergo  a  change  into  malignant  sarcomas 
(compare  §  123). 

{g)  Myoma. 

§  116.  riyoma  is  the  name  applied  to  a  tumor  whose  chief  structural 
elements  are  newly  developed  muse nlar  fibres.  An  obvious  division  is  into 
leioniyomata  if  the  muscular  fibres  are  of  the  smooth  variety,  and  rhah- 
domyomata  if  the  fibres  are  striped. 

Leiomyomata,  called  also  myoraata  kevicellulares,  occur  most  fre- 
quently in  the  uterus,  less  often  in  the  Fallopian  tubes,  in  the  uterine 
ligaments,  in  the  labia  majora,  and  in  the  muscular  layers  of  the  alimen- 
tary tract  and  urinary  channels.  In  these  localities  they  form  rounded 
and  nodulated  tumors  of  various  sizes.  In  exceptional  cases  they  are 
found  in  the  skin  and  subcutaneous  tissue,  where  they  form  small  nodules 
which  only  rarely  attain  the  size  of  a  pigeon's  egg.  They  occur  either 
singly  or  in  larger  number,  and  may  appear  in  early  childhood  or  even 
before  birth  (Marc) . 

If  the  new  growth  takes  place  in  muscular  organs,  it  proceeds  from 
the  muscular  layer,  forming  in  its  development  bundles  of  muscle-fibres 
(Fig.  256),  interwoven  in  various  directions,  and  furnishing,  therefore, 
in  sections,  a  variety  of  pictures.  Submucous  myomata  of  the  uterus 
may  include  in  their  substance  uterine  glands.  Myomata  which  devel- 
op on  the  dorsal  wall  of  the  body  of  the  uterus,  and  close  to  the  angle 
formed  by  the  Fallopian  tube,  may  include  in  their  substance  a  varying 
number  of  gland-tubules  which  come  from  the  Wolffian  body  (von  Keck- 
linghausen).  When  this  happens,  it  is  proper  to  call  such  tumors  adeno- 
myomata.  They  differ  from  the  ordinary  spherical  myomata,  which 
have  sharply  defined  limits,  in  these  respects :  their  boundaries  are  ill- 
defined;  and,  furthermore,  a  few  individual  glands  may,  through  the 
accumulation  of  secretion  in  them,  become  converted  into  cysts,  xlc- 
cording  to  Ricker,  the  ordinary  myomata  of  the  uterus  may  contain 
epithelial  tubes,  which  perhaps  owe  their  origin  to  some  portion  of 
Müller 's  duct  which  has  become  displaced  during  intra-uterine  life.  In 
the  skin  and  subcutaneous  tissue,  so  far  as  there  are  any  observations  on 
the  subject,  the  new  growth  of  muscle-fibres  has  its  origin  in  the  mus- 
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cularis  of  the  vessels  (Fig.  257) ,  wliicli  layer  not  only  becomes  thickened 
(e),  but  also  gives  off  separate  offshoots  of  muscular  fibres  (6).  This 
new  formation  of  muscular  tissue  may  easily  be  associated  with  the 
pathological  formation  of  blood-vessels  (a),  and  from  this  combination 
will  result  tumors  that  may  properly  be  called  angiomyomata  (Fig.  257). 
According  to  the  observations  of  Jadassohn,  myomata  of  the  skin  may 
also  spring  from  the  erector  muscles  of  the  hairs — the  arrectores  pilo- 
rum. 

A  certain  amount  of  connective  tissue  takes  part  in  the  formation  of 
a  myoma,  and  often  assumes  such  importance  that  the  tumor  deserves 
the  name  myofibroma  or  fibromyoma.  For  example,  most  of  the  my- 
omata of  the  uterus  are  myofibromata.  The  fibrous  connective-tissue 
portions  of  the  tumor  appear  glistening  white,  while  the  muscular  parts 
are  reddish-white  or  bright  reddish-gray.  The  fusiform  nauscle-fibres 
may  be  isolated  by  teasing  a  fresh  bit  of  tumor,  or,  better,  a  bit  which 
has  macerated  for  twenty -four  hours  in  twenty -per-cent.  sulphuric  acid, 


Fig.  256.— Myoma  of  the  uterus.    (Müller's  fluid ;  ha?matoxylin  ;  eosin.)    Magnlfled  300  diameters. 

or  for  twenty  to  thirty  minutes  in  thirty-four-per-cent.  potassic  hydrate. 
In  a  longitudinal  section  the  muscular  fibres  are  best  recognized  by  the 
staff -like  nuclei  (Fig.  256  and  Fig.  257,  ?>),  as  well  as  by  the  regular 
arrangement  of  the  cells  in  bands  or  parallel  lines.  In  cross-section  the 
muscle- cells  appear  as  little  areas  whose  rounded  boundary  lines  are 
somewhat  flattened  by  pressure  one  against  the  other,  while  in  the  cen- 
tre of  each  of  these  areas  is  the  nucleus  cut  transversely  (Fig.  256). 

Leiomyomata  are  thoroughly  benign  tumors,  although  they  often 
attain  a  very  large  size,  and  sometimes  undergo  a  change  into  sarcoma- 
tous tissue.  In  fibromyomata  of  the  uterus  we  often  have  processes  of 
fatty  degeneration  and  softening,  which  destroy  the  tumor  or  lead  to  the 
formation  of  cystic  cavities.  Calcification  may  also  occur.  A  myofi- 
broma may  become  a  pure  fibroma  through  the  degeneration  and  disap- 
pearance of  the  muscular  fibres. 

A  rhabdomyoma  (Zenker),  or  myoma  striocellulare  (Yirchow),  is  a 
rare  tumor  whose  essential  part  is  made  up  of  striated  muscle-fibres 
either  well  or  poorly  developed.     When  well  developed  the  muscular 
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fibres  form  nucleated  bands  of  various  widths,  which  show  a  transverse 
(Fig.   258,  a,  h,  c)  and  in  places  also  a  longitudinal  striation  (e,  /). 


Fig.  257.— Subcutaneous  angiomyoma  of  the  back.  (Alcobol,  hgematoxylin ,  eosm.)  a,  Cavernous 
blood-vessels;  muscular  strings  cut  longitudinally  at  7^,  transversely  at  c;  d,  connective  tissue ;  e,  artery  with 
hypertrophied  muscular  layer ;  /,  group  of  lymph-cells.    Magnified  50  diameters. 

The  ill-developed  forms  consist  of  narrow  bands  without  transverse  stri- 
ation {d) ;  of  spindle-cells  with  long-drawn-out  thread-like  processes 
without  transverse  striation  {g)  or  with  partial  striation  (/) ;  and  also 
of  round  cells  of  different  sizes,  which  show  either  a  radial  or  a  con- 
centric striation  (7i,  i) .     Besides  these  there  are  also  cells  which  possess 


Fig.  258.— Cells  from  a  rhabdomyoma.  (After  Ribbert  and  Wolfensberger.)  a,  ö,  c,  Fibres  of  various 
sizes  with  transverse  striation ;  c/,  small  nucleated  fibre  without  striae ;  c,  spindle-cell  with  longitudinal 
striae  ;  /,  spindle-cell  with  longitudinal  and  transverse  stri^  ;  g,  spindle-cells,  non-striated,  with  elongated 
processes ;  /i,  i,  roimd  cells  with  concentric  and  radial  striation. 
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no  especial  characteristic,  so  that  it  is  impossible  to  decide  whether 
they  are  youDg  undeveloped  muscle-cells  or  simple  cells  of  the  connec- 
tive tissue.  The  bands  as  well  as  the  spindles  are  usually  in  bundles, 
and  interwoven  among  themselves.  It  is  usually  not  jiossible  to  demon- 
strate with  certainty,  on  the  surface  of  the  fibres,  a  sarcolemma ;  Ijut 
various  delicate  membranes  have  been  described  by  different  authors 
which  apparently  were  fragments  of  a  sarcolemma. 

Ehabdomyomata  occur  most  frequently  in  the  kidney  or  in  its  pel- 
vis, in  the  testicle,  and  in  the  uterus ;  seldom  in  other  localities,  as,  for 
example,  in  the  vagina,  in  the  bladder,  in  the  muscles,  in  the  heart,  in 
the  nerves,  in  the  subcutaneous  tissue,  in  the  mediastinum,  in  the  oesoph- 
agus, etc.  They  form  nodular  tumors  of  varying  size,  and  if  situated 
on  the  surface  of  a  mucous  membrane  the  new  growth  is  polyi:)oid  or 
papillomatous  in  shape.  They  may  develop  as  well  from  transversely 
striated  muscular  tissue  as  from  smooth  muscular  fibres.  In  the  kidney 
and  testicle  they  either  form  well-defined  nodnles  or  else  they  cause  the 
destruction  of  the  wdiole  organ.  The  growth  of  these  tumors  is  due  ap- 
parentl}"  to  misplaced  portions  of  embryonic  muscle-tissue,  and  conse- 
quently the  condition  is  generally  congenital.  But  these  tumors  may 
first  develop  at  an  advanced  age.  Sometimes  another  tissue — e.g.,  car- 
tilage— is  included  in  the  tumor.  Moreover,  fairly  well-developed  mus- 
cular fibres  are  found  in  comi)licated  tumors  of  the  testicle  and  kidney. 
(Comi^are  the  paragraphs  relating  to  Teratomata.) 

If  a  tumor  contains  only  a  few  cells  which  can  be  definitely  recog- 
nized as  muscle-fibres,  while  most  of  the  cells  have  no  specific  character, 
it  is  usually  called  a  myosarcoma, 

[h)   Glioma  and  Ganglionic  NeurorjUoma. 

§  117.  Qliomata  are  tumors  which  grow  from  the  cells  of  the  stroma 
of  the  central  "nervous  system,  and  which,  when  fully  developed,  consist 
essentially  of  these  cells.  In  the  brain  they  form  growths  which  for 
the  most  part  are  not  sharply  defined  from  the  normal  brain-substance, 
but  pass  into  the  latter  by  insensible  gradations.  They  often,  therefore, 
convey  the  impression  of  a  local  swelling  of  the  brain,  and  only  the 
difference  in  color,  and  a  comparison  of  the  healthy  with  the  pathologi- 
cal tissues,  suffice  to  convince  the  eye  that  a  real  tumor  is  jjresent. 
When  they  occur  in  the  spinal  cord  these  tumors  are  most  ai^t  to  arise 
in  the  neighborhood  of  the  central  canal,  and  may  si:)read  over  a  consid- 
erable length  of  the  cord. 

Their  appearance  varies  considerably  :  sometimes  they  are  light  gray, 
translucent,  of  about  the  color  of  the  cortex,  and  moderately  firm  in  con- 
sistence; sometimes  they  are  grayish-white  and  of  firmer  consistence; 
and  at  other  times  they  may  be  reddish-gray  or  dark  red  in  color.  In 
the  latter  case  thej^  are  traversed  in  every  direction  by  numerous  dilated 
vessels."  Gliomata  which  contain  much  blood  often  exhibit  hemorrhagic 
foci.  Fatty  degeneration,  softening,  and  destruction  of  the  tissue  are 
also  common  occurrences. 

A  section  of  a  fully  developed  glioma  shows  under  the  microscope  a 
network  of  extremely  delicate  glistening  fibres  (Fig.  259,  B),  among 
which  are  embedded  numerous  short  oval  nuclei.  A  very  scanty  cell- 
protoplasm  surrounds  these  nuclei,  and  can  be  distinguished  only  with 
difficult3^  When  the  tissue  is  investigated  in  the  fresh  state  or  after 
maceration  in  Midler's  fluid,  it  is  easy  to  detect  that  these  nuclei  belong 
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A,  Cells  isolated  by  teasing. 


Fig.  259.— Glioma  of  the  cerebrum, 
and  stained  with  carmine ;    B,  section  from  the  same  tumor  after 
hardening  in  MüUer's  fluid.      (Staining  with   Bismarck   brown.) 
Magnified  350  diameters. 


to  cells  (astrocytes)  that  are  characterized  by  the  great  number  of  fine 
branching  processes  which  they  possess,  and  which  extend  in  every  di- 
rection (Fig.  259,  A).  By  the  employment  of  suitable  staining  mixtures 
one  may  demonstrate, 
even  in  sections,  the 
connection  between 
some,  at  least,  of  the 
fibres  (Fig.  260). 

The  cells  closely  re- 
semble normal  glia- 
cells,  although  at  times 
they  are  much  larger, 
and,  in  some  instances, 
more  spherical  in 
shape.  A  few  of  them 
contain  two,  three,  or 
even  four  nuclei. 

Investigations  with 
reference  to  the  devel- 
opment of  gliomata 
have  proved  that  -  the 
glia-cells  are  the  moth- 
er-cells of  the  tumor. 
The    ganglion-cells    do 

not  take  any  part  in  the  proliferative  processes.  The  abundance  of 
cells  in  a  glioma  varies  greatly.  Sometimes  the  cells  preponderate  de- 
cidedly, and  then  at  other  times  the  stroma  is  the  more  prominent  part 
of  the  texture.  A  simultaneous  proliferation  of  the  cells  of  the  peri- 
vascular connective  tissue  produces  a  gliosarcoma. 

There  is  often  a  great  increase  in  the  number  of  blood-vessels,  and 
in  some  places  they  may  be  ectatic. 

Gliomata    usually  occur   singly,   and   do    not   furnish   metastases. 
Their  etiologj'    is  unknown.     Some  gliomata  probably  originate  from 

imperfectly  developed  portions  of 
the  brain  and  spinal  cord.  Trauma- 
tism may  furnish  the  exciting  cause 
for  their  development. 

The  name  glioma  is  also  applied 
to  a  tumor  of  the  retina  w^hich  is 
observed  only  in  childhood.  These 
growths,  a  certain  proportion  of 
which  are  of  congenital  origin,  devel- 
op in  the  retina  and  are  evidently 
due  to  some  disturbance  in  the  de- 
velopment of  that  organ.  They 
have  a  soft  consistence,  are  white 
or  grajdsh-red  in  color,  and  are 
rich  in  cells.  The  major  portion 
of  the  tumor  consists  of  small, 
round,  or  irregularly  shaped  cells, 
poor  in  protoplasm,  and  greath' 
resembling  the  cells  of  the  nuclear  layer.  They  possess  in  places  smaller 
or  larger  processes.  These  cells  are  found  best  preserved  in  the  neigh- 
borhood of  the  blood-vessels,  while  in  other  portions  they  often  show 


Tig.  260.— Section  of  a  glioma  of  the  cerebrum, 
with  astrocytes.  (Müller's  fluid;  ha?raatoxylin, 
according  to  Mallory's  method.)  Magnified  500 
diameters. 
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signs  of  having  undergone  degenerative  changes.  The  tumor  may  also 
contain  (Wintersteiner)  ganglion  cells,  cylindrical  cells,  and  peculiar 
cell  forms  like  rosettes  and  bands,  these  latter  being  regarded  as  made 
up  of  fibres  of  the  rods  and  cones.  Wintersteiner  therefore  calls  such 
a  tumor  a  neuroepitheUoma. 

The  glioma  of  the  retina  often  shows  areas  of  necrosis  in  its  centi-e. 
If  it  develops  further,  it  either  breaks  into  the  retrobulbar  space  or  for- 


FiG.  261.— Section  from  a  nodular  neuroglioma  ganglionare  of  the  central  convolution  of  the  cerebrum. 
^,  Portion  of  the  tumor  which  is  rich  in  ganglion-cells;  B,  portion  conti.ining  neiTe-flhres;  C.  jelly-like 
portion,  a.  Ganglion-cells  in  groups;  b,  individual  ganglion-cells;  c,  ganglion-cells  with  two  nuclei;  r/, 
nerve-flbres  with  medullary  sheaths ;  c,  glia-cells ;  f.  blood-vessels.  (Preparation  treated  by  Weigert's 
method  and  mounted  in  Canada  balsam.  Details  completed  from  another  preparation  which  had  been 
stained  with  ha?matoxyiin.)    Magnified  300  diametere. 


ward  through  the  cornea  and  sclera.  It  recurs  after  excision,  and  forms 
metastases. 

Neuroglioma  ganglionare  (Fig.  261)  is  a  term  applied  to  those  new 
growths  which  arise  in  the  central  nervous  system,  are  composed  of  hy- 
perplastic glia-tissue,  ganglion-cells,  and  nerve-fihres,  and  constitute  either 
ill-defined  swellings  of  the  larger  masses  of  the  brain  or  circumscribed 
nodular  enlargements  of  small  sections  of  this  organ.  When  examined 
by  the  naked  eye  the  affected  portions  of  the  brain  may  still  appear  to 
be  fairly  normal ;  but  as  a  general  rule  the  distinction  between  gray  and 
white  substance  is  fainter  than  normal,  and  the  tissue  is  throughout 
white  or  grayish-white  or  spotted  white  and  gray,  and  at  the  same  time 
more  or  less  hardened. 

These  masses  are  chiefly  made  up  of  more  or  less  dense  glia-tissue 
containing  a  certain  number  of  nerve-fibres  id)  and  ganglion-cells  {a,  h, 
c),  not  only  in  the  region  of  the  cortex,  but  also  in  that  of  the  white  sub- 
stance. 

Probably  all  such  formations  must  be  regarded  as  the  result  of  a  dis- 
turbance of  the  embryological  development  of  the  brain — that  is,  as  local 
cerebral  malformations,  which  have  undergoi^e  further  development  af- 
ter birth. 
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§  118.  The  tumors  called  neuromata  are  observed  most  often  in  the 
ends  of  amputated  nerves,  where  they  form  at  times  quite  large  swell- 
ings, which  are  either  separated  from  the  surrounding  tissues  by  more 
or  less  sharx)ly  defined  limits  or  are  united  to  them  without  any  such 
distinct  line  of  separation.  From  their  origin  they  have  received  the 
name  of  airqndation  neuromata  (Fig.  262,  5).  The  development  of  these 
neuromata  is  explained  in  the  following  manner :  After  the  nerves  are 
cut  off,  more  or  less  connective  tissue 
forms  on  the  stump,  and  at  the  same 
time  the  axis-cylinders  divide  and  grow 
out  in  length.  In  this  manner  the  scar- 
tissue  becomes  supplied  with  nerves, 
which  at  first  have  no  sheaths,  but  which 
very  soon  become  covered  with  fibrous 
sheaths  and  ultimately  with  medullary 
ones.  The  mass  of  nerves  penetrating 
into  the  granulation  tissue  may  be  very 
great,  so  that  the  connective  tissue,  after 
a  certain  length  of  time,  may  contain  a 
rich  supi:)ly  of  nerves,  which,  radiating 
from  the  end  of  the  old  nerve,  spread 
through  the  fibrous  tissue  in  every  direc- 
tion (Fig.  262,  h).  AYe  have  here,  there- 
fore, an  instance  of  the  useless  regener- 
ative growth  of  a  nerve-stump — a  growth 
which  exceeds  the  physiological  necessi- 
ties of  the  nerve  and  so  forms  a  tumor- 
like mass. 

Another  form  of  the  so-called  neuroma 
develops  spontaneously  in  the  course  of 
a  nerve,  without  any  outside  provocation. 
This  tumor  owes  its  origin  to  an  increase 
of  the  connective  tissue  of  the  nerve,  usually 
of  the  outer,  more  rarely  of  the  inner 
layers  of  the  endoneurium ;  as  a  result  of 
which  the  ner^^e-bundles,  at  the  point 
where  the  tumor  is  developing,  are  in- 
closed in  a  more  or  less  thick  layer  of 
connective  tissue,  usually  of  a  loose  sort 
(Fig.  263,  1),  d) ;  or  these  bundles  are  split 
open  by  the  growth  of  connective  tissue 
into  separate  individual  fibres.  Some- 
times the  perineurium  is  also  involved  in 
the  proliferative  process.  Where  nerves 
lie  together  in  a  large  bundle  the  epineurium  as  well  as  the  endoneurium 
and  perineurium  of  the  smaller  nerve-bundles  may  be  affected  by  this 
process,  but  this  is  usually  not  the  case. 

These  tumors,  structurally  considered,  are  not  neuromata,  but  neuro= 
fibromata  or  fibromata  of  the  nerves.  A  number  of  them  are  usually 
present  at  the  same  time,  and  they  may  occur  in  all  the  peripheral 
nerves,  although,  as  a  rule,  they  are  limited  to  a  definite  area  of  nerve- 


FiG.  262.— Amputation  neuroma  of  the 
iscMatic  nerve  (nine  years  after  amputa- 
tionK  Longitudinal  section,  a.  Nerve; 
7).  neiu-oma."  (Dra-^vn  from  a  preparation 
which  had  been  hardened  In  Müller's  fluid.) 
Magnified  3  diameters. 
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distribution.  The  nodules  are  sometimes  situated  along  the  nerve- 
trunk,  sometimes  on  the  finest  branches,  usually  of  the  cutaneous 
nerves.  These  soft  connective-tissue  nodules,  which  are  scattered  about 
through  the  skin  in  smaller  or  larger  numbers,  are  termed  multiple 
fibromata  of  the  skin.  The  finest  nodules -are  demonstrable  only  with 
a  microscope,  but  the  usual  size  is  from  that  of  a  pea  to  that  of  a  hazel- 
nut. Individual  tumors  may  reach  the  size  of  a  man's  fist,  the  nerve- 
fibres  being  quite  lost  sight  of  in  the  great  mass  of  connective  tissue, 
whose  continued  growth  may  even  cause  them  to  waste  away  entirely. 
In  addition  to  this  formation  of  well-defined  nodules  there  may  also  be, 
throughout  the  area  of  distribution  of  the  afi'ected  nerves,  a  diffuse  tJiick- 
ening  of  the  nerve-fibres,  due  to  hypertrophy  of  the  corntedive  tissue.  And 
finally,  with  the  conditioDS  mentioned  may  be  associated  a  hypertrophic 
thickening  of  the  connective  tissue  of  the  skin  proper  and  of  the  subcu- 
taneous tissue,  resulting  in  cdterc.tions  cf  the  skin  not  unlike  those  observed 
in  elephantiasis. 

A  third  form  of  neuroma  is  the  cirsoid  neuroma  (Bruns)  or  plexiform 
neuroma  (Terneuil),  a  tumor  which  is  characterized  by  the  circum- 
stance that  in  the  domain  of  several  nerve-branches  a  convolution  of 
twisted  and  inter^'oven,  thickened  and  nodular  nerves  develops  (Fig. 
264).  An  examination  of  the  individual  cords  reveals  this  also  to  be  a 
fibromatosis  of  the  nerves  (Fig.  263;,  the  excessive  growth  of  the  endoneu- 
rium  resulting  partly  in  a  difi'use  thickening  of  the  nerve-fibres,  partly 
in  a  nodular  one.  But  in  this  case  attention  should  be  directed  to  the 
fact  that  the  nerves  in  the  territory  involved  are  not  only  thickened,  but 
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Fig.  363.— Nerves  from  a  cirsoid  neuroma  which  Inyolved  the  cheek  and  lower  jaw  and  presented  a  close 

resemblance  to  elephantiasis.  (Flemming's  mixture;  safranin.i  a.  &.  Xerve.  the  outer  layers  of  whose 
endoneurium  have  undergone  decided  proliferation :  the  nerve-fibres  proper  occupy  the  axis  of  the  entire 
mass ;  c,  nei've  with  mafkedlv  proliferated  endoneiuliua  and  sepai^ated  nerve-fibfes :  d.  thickened  nerve 
showing  a  small  bundle  of  nerve-fibres  at  the  left  end ;  e.  loose  connective  tissue,  rich  in  nuclei,  lying  be- 
tween the  nerves  and  containing  fat-tissue.    Magnified  8  diameters. 

also  actually  increased  in  length,  and  consequently  rendered  tortuous : 
and,  furthermore,  that  the  nerves  are  increased  in  number,  so  that  the 
sum  total  of  the  nerves  situated  in  the  skin  and  subcutaneous  tissue  is 
greater  than  it  should  be  under  normal  conditions.  The  conditions 
here,  therefore,  are  those  of  a  genuine  neuroma,  a  neuroma   verum,  in 
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combination  witli  fibromatosis.  Most  of  the  nerves  in  tliis  tumor  are 
medullated  (neuroma  myelinicum).  It  is  difficult  to  determine  to  what 
extent  tumors  of  this  nature  contain  nerve-fibres  which  are  non-medul- 
lated  (neuroma  amyelinicum);  nevertheless  cases  have  been  reported  in 
which  most  of  the  fibres  were 
found  to  be  no n -medullated. 
Cirsoid  neuromata  occur  on 
the  head,  body,  and  extremi- 
ties, and  are  usually  charac- 
terized by  gross  alterations  of 
the  sl'ui  icliich  remind  one 
stroncjly  of  elephantiasis. 

Neurofibromata  and  cirsoid 
neuromata  do  not  cause  me- 
tastases, but  in  certain  cases 
neuromata  take  on  a  sarcoma- 
tous and  consequently  a  ma- 
lignant character.  Hereditary 
transmission  and  congenital 
2:^redisposition  have  been  proved 
to  be  concerned  in  both  forms 
of  neuromata. 


{k)  Sarcoma. 

§  119.  A  sarcoma  is  a  coji- 
nective-tissue  tumor  in  tvhich 
the  cellular  ehments  are  muclh 
more  prominent  than  the  inter- 
cellular substance,  not  only  on 
account  of  their  number,  bid 
often  also  by  reason  of  their  size. 
The  sarcomata  are  therefore  closely  related  to  undeveloped  connective 
tissue,  and  a  comparison  between  sarcoma  and  embryonic  tissue  is  by  no 
means  far-fetched. 

Sarcomata  develop  either  in  a  previously  normal  tissue  belonging  to 
the  group  of  connective  substances — as,  for  example,  in  the  skin,  in  the 
subcutaneous  tissue,  in  the  intermuscular  connective  tissue,  in  the  peri- 
osteum, in  the  spinal  cord,  in  the  membranes  of  the  brain,  in  the  con- 
nective-tissue framework  of  glandular  organs,  etc. — or  else  in  a  fully 
formed  connective-tissue  tumor— as,  for  example,  a  fibroma,  a  myoma, 
a  chondroma,  an  hypertrophic  lymi^hangioma,  etc.  Finalh^,  the  decidua 
uteri  may  also  serve  as  a  starting-point  for  the  development  of  a  sar- 
coma. The  transformation  of  the  parent  tissue  into  tumor-tissue  takes 
place  by  growth  and  multix:)lication  of  the  existing  cells.  The  cells  usu- 
ally divide  by  mitosis,  and  the  faster  the  tumor  grows  the  more  numer- 
ous are  the  mitoses.  Besides  the  typical  mitoses  there  are  atypical 
forms  of  all  sorts ;  sometimes  also  nuclei  broken  into  fragments.  Direct 
segmentation  of  nuclei  occurs  more  rarely. 

When  fully  developed,  sarcomata  form  tumors  which  are  separated 
from  the  surrounding  tissues  by  more  or  less  sharply  defined  limits. 
They  may  grow  in  any  part  of  the  body  where  there  is  connective  tissue, 
but  they  are  found  in  certain  regions  far  more  frequently  than  in  others. 
For  example,  they  are  found  much  oftener  in  the  skin,  fasciae,  inter- 


FiG.  264.— Cirsoid  neuroma  of  the  sacral  region. 
(From  a  drawing  by  P.  Bruns.)  The  nodular,  twisted, 
and  Interwoven  nerves  are  dissected  out  at  a.  while  at  b 
they  are  still  covered  by  connective  tissue.     (Life  size.) 
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muscular  connective  tissue,  bone,  periosteum,  brain,  and  ovaries  than  in 
the  liver,  the  intestine,  the  uterus,  and  the  lungs. 

The  development  and  form  of  the  cells  vary  considerably  in  different 
sarcomata.  The  intercellular  substance  is  sometimes  scanty,  soft,  and 
delicate;  at  other  times  it  is  more  abundant,  and  resembles  in  character 
rather  the  basic  structure  of  the  developed  normal  connective  substances. 

The  amount  of  the  intercellular  substance  has  a  marked  influence 
upon  the  consistence  and  color  of  the  tumors.  The  medullary  variety 
presents  a  marrow-white  or  grayish-white  cut  surface,  and  is  rich  in 
cells  and  i:)Oor  in  intercellular  substance.  A  hard  and  dense  tumor  is 
l^oorer  in  cells  and  richer  in  fibrous  intercellular  tissue.  Such  tumors 
shade  by  insensible  gradations  into  fibromata.  Varieties  upon  the  bor- 
der-line are  called  fibrosarcomata.  The  cut  surface  of  a  sarcoma  pre- 
sents throughout  ver\^  nearh^  the  same  api)earance,  unless  retrograde 
changes  or  an  unequal  distribution  of  blood-vessels  cause  differences. 
It  is  usually  uniformly  smooth  and  of  a  milk-white  color  in  the  medul- 
lary forms,  or  clear  grayish-white  and  somewhat  translucent,  or  of  a 
bright  grayish-red  or  grayish-brown,  in  the  firmer  varieties.  The  hard 
varieties  are  of  a  brilliant- white  or  3'ellowish-\\  hite  color. 

The  development  of  blood-vessels  varies  in  sarcomata.  Sometimes 
the  vessels  are  remarkably  numerous  and  broad — in  fact,  ectatic  (telan- 
giectatic sarcomata).  Usually  the  vessels  have  walls  easily  distinguish- 
able from  the  tumor-substance,  but  the  tumor-cells  themselves  may  also 
constitute  the  outer  cells  of  the  walls  of  the  vessels ;  and  in  such  a  case 
(he  cells  of  the  walls  of  the  vessels  also  take  x>art  in  the  growth  of  the 
tumor.     Lymph-vessels  have  not  been  demonstrated  in  sarcomata. 

Retrograde  changes — such  as  fatty  degeneration,  mucoid  degenera- 
tion, liquefaction,  cheesy  degeneration,  necrosis,  hemorrhage,  gangrene, 
ulceration,  etc. — are  common  occurrences  in  sarcomata. 

Sarcomatous  tumors  may  be  divided  into  three  classes.  The  first  of 
these  includes  the  simple  sarcomata — sarcomata  in  the  narrower  sense, 
that  is,  tumors  which  are  formed  according  to  the  type  of  foetal  connec- 
tive tissue,  and  which  show,  therefore,  a  more  or  less  even  distribution 
of  the  cells,  without  any  formation  of  separated  foci  or  groups  of  cells. 
The  second  class  includes  those  sarcomata  which  show  a  particular  ar- 
rangemejit  and  grouping  of  the  individual  elements,  so  that  in  appearance 
they  resemble  the  epithelial  tumors.  The  third  class  is  characterized 
by  secondary  changes  in  the  cells,  in  the  intercellular  substance,  and  in  the 
blood-vessels — changes  which  give  to  the  tumor  a  peculiar  appearance. 

The  etiology  of  sarcomata  is  not  a  simple  one.  They  occur  offener  in 
youth  than  in  old  age.  Some  develop  in  foetal  life  and  owe  their  origin 
to  some  local  malformation.  Sometimes  they  develop  as  the  result  of  a 
trauma.  A  parasitic  origin  has  not  been  demonstrated.  Usually  there 
is  a  single  primary  tumor ;  but  multiple  primary  sarcomata  are  some- 
times observed,  as,  for  example,  in  the  skin  and  in  the  bone-marrow. 
The  softer  tumors  lead  to  metastases. 

§  120.  Simple  sarcomata  include  both  the  soft  medullar}^  forms  and 
those  of  a  firmer  consistence,  which  shade  off  insensibly  into  the  fibro- 
sarcomata and  the  fibromata.  Among  these  forms  several  subordinate 
varieties  may  be  distinguished,  according  to  the  character  of  the  cells. 

Small  round=celled  sarcomata  are  very  soft,  rapidlj"  growing  tumors, 
which  develop  especially  in  the  connective  tissue  of  the  limbs  and  sup- 
porting framework  of  the  body,  and  also  in  the  skin,  testicles,  ovaries. 
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and  lymphatic  glands.  The  cut  surface  of  a  section  of  one  of  these 
growths  appears  milky  white,  and  sometimes  shows  caseous  or  softened 
areas.  If  scraped  the  surface  yields  a  milky  fluid.  The  structure  is 
very  simple.  The  tumor  is  composed  almost  wholly  of  round  cells  and 
vessels  (Fig.  265,  c).  The  cells  are  small  and  frail;  they  have  very  Ut- 
ile protoplasm,  and  a  spherical  or  slightly  oval,  rather  large  and  blad- 
der-like nucleus  (<?) ,  which  seems  to  be  more  highly  developed  than  the 
nuclei  in  lymphatic  elements. 

Between  the  cells  lies  a  very  scanty  amount  of  granular  and  delicately 
fibrillated  intercellular  substance.  The  vessels  traverse  the  masses  of 
cells  in  the  form  of  very  thin-walled  canals.  If  the  tumor  is  examined 
at  its  very  margin  of  growth  among  the  muscular  fibres,  its  tissue  will 
be  found  to  present  an  aggregation  of  round  cells  (Fig.  265,  &,  c)  in  the 
connective  tissue  lying  between  the  muscles.     Often  in  close  proximity 


Fig.  266. 

Fig.  265.-  Section  through  the  margin  of  a  sarcoma  of  the  intermuscular  connective  tissue  of  the  neck. 
(Alcohol;  carmine.)  a.  Normal  muscle  cut  transversely;  tti,  atrophied  muscle  cut  transversely;  h,  round 
cells  of  the  sarcoma  growing  betv^een  the  muscle-fibres ;  c,  mature  tumor- tissue ;  d,  round  cells  of  the  char- 
acter of  white  blood-corpuscles.    Magnified  300  diameters. 

Fig.  266.— Section  from  lymphosarcoma  of  the  mucous  membrane  of  the  nose,  after  shaking  it  about  in 
water  to  free  it  from  the  greater  number  of  its  cells.  (Alcohol ;  carmine.)  a.  Reticulum  ;  Z>,  cells  of  the  re- 
ticulum ;  c,  round  cells ;  d,  blood-vessel  with  actively  growing  cells.    Magnified  300  diameters. 


to  the  cells  of  the  tumor  there  are  lymphatic  elements  whose  nuclei  {d) 
stain  more  deeply  than  those  of  the  tumor  itself. 

A  second  form  of  round-celled  sarcoma  is  called  lymphosarcoma. 
This  tumor  imitates  in  structure  the  lymphatic  glands,  at  least  to  this 
extent :  that  the  stroma  which  holds  together  large  numbers  of  round 
cells,  is  composed  of  a  vascular  reticulum  (Fig.  266,  a),  a  part  of  which, 
at  least,  is  made  up  of  branching  and  anastomosing  cells  (b).  These 
relations  are  easily  made  clear  by  shaking  a  section  in  a  test-tube. 

According  to  the  degree  of  development  of  the  reticulum  which  they 
possess,  one  may  divide  the  lympliosarcomata  into  two  forms — the  soft 
and  the  hard.  In  the  firmer  specimens  of  this  variety  of  new  growth  the 
reticular  framework  substance  may  present  a  more  or  less  close  resem- 
blance to  ordinary  fibrous  connective  tissue. 

Lymphosarcomata  occur  most  frequently  in  the  lymphatic  glands 
and  the  lymphadenoid  tissue  of  the  mucous  membranes  and  the  spleen, 
but  they  are  also  found  in  other  situations.  The  tumor,  in  its  growth, 
involves,  one  after  another,  a  more  or  less  considerable  portion  of  the 
lymphadenoid  tissues  enumerated. 
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Large  round=ceIIed  sarcomata  occur  in  the  same  localities  where  the 
small  round-celled  sarcomata  are  found,  but  their  cells  are  much  larger 
than  those  of  the  latter.  These  two  forms  of  tumors  resemble  each  other 
closely,  although  the  large-celled  variety  is  not  so  soft  as  the  small- 
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FIG.  268. 


Fig.  267.— Section  from  a  fungoid  large  round-celled  sarcoma  of  the  skin  of  the  leg.  (Carmine  prepara- 
tion.)   Magnified  400  diameters. 

Fig.  268.— Section  of  a  sarcoma  of  the  breast,  with  variously  shaped  cells.  CAlcohol ;  Bismarck  brown.) 
a.  Connective  tissue ;  7>,  sarcomatous  tissue ;  c,  smaller  cells ;  c?,  cells  with  hypertrophic  nuclei ;  €,  multi- 
nuclear  cells.    Magnified  300  diameters. 


celled.  The  cells  are  richly  supplied  with  protoplasm,  and  possess 
large  bladder-like  oval  nuclei  (Fig.  267).  Many  of  the  cells  have  two 
nuclei,  some  more  than  two.  Between  the  cells  is  a  reticulated  intercel- 
lular substance  (Fig.  267),  in  which  both  spindle-shaped  and  branching 
cells  unite  to  form  an  alveolar  network  in  whose  meshes  the  large  round 
epithelioid  cells  lie.  For  this  reason  such  tumors  have  been  called  large 
round-celled  alveolar  sarcomata  (Billroth). 

In  other  forms  of  large  round-celled  sarcomata  the  cells  are  of  vary- 
ing size  (Fig.  268),  and  among  them  are  many  long  or  irregularly  shaped 
cells,  so  that  the  tumor  may  w^ell  be  called  a  sarcoma  with  polymor- 
phous cells.  The  nuclei,  too,  vary  much  in  size  (Fig.  268)  in  these 
tumors,  and  there  may  be  a  large  number  of  them  in  a  single  cell  {e) 
(multinucleated  giant  cells) . 

The  large  round-celled  sarcomata  and  the  sarcomata  with  polymor- 
phous cells  are  in  general  not  so  malignant  as  the  small  round-celled 
ones ;  but  nevertheless  they  do  give  rise  to  metastases. 

Spindle=celled  sarcomata  are  among  the  commonest  of  tumors.  They 
are  usually  much  denser  than  the  round-celled  varieties,  but  they  may 
also  be  of  a  soft  medullary  character.  A  cut  section  usually  appears 
grayish  or  yellowish-white  and  somewhat  translucent,  or  it  may  present 
a  more  or  less  reddish  hue  by  reason  of  its  vascularity.  Medullary 
tumors  whose  cells  have  undergone  fatty  degeneration  may  have  a  pure 
white  color.  In  general  these  tumors  are  much  less  malignant  than  the 
rbund-celled  ones,  but  their  character  in  this  respect  varies  according  to 
their  location  and  their  richness  in  cells. 

According  as  the  cells  are  large  or  small,  we  may  distinguish  large 
spindle=celled  and  small  spindle=celled  sarcomata.  By  teasing  small 
bits  of  the  tumor- tissue  some  of  the  cells  may  be  isolated,  and  in  this 
way  very  long  spindles  may  occasionally  be  obtained  (Fig.  269).  The 
cells  lie  side  bv  side,  arranged  in  bundles,  which  in  a  section  maj'  be 
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cut  transversely  or  obliquely  or  longitudinally — a  proof  that  they  are 
interwoven  in  different  directions. 

This  arrangement  of  the  spindle-cells  in  bundles  is  often  very  strik- 
ing. In  other  cases  it  is  entirely  absent  (Fig.  271),  and  for  considerable 
distances  the  spindles  will  be  found  to  lie  in  the  same  direction.  Some- 
times the  direction  of  the  spindles  is  determined  by  the  direction  of  the 
blood-vessels — i.e.,  the  individual  bundles  build  each  a  sheath  about  its 
own  blood-vessel. 

Between  the  spindle-cells  there  may  be  a  very  small  amount  of  inter- 
cellular substance,  or  it  may  not  be  possible  in  the  section  to  demonstrate 
any  intercellular  substance.  In  other  cases  it  is  more  abundant  and  of  a 
fibrillary  character.  In  such  cases  the  cells  have  less  protoplasm,  so  that 
often  it  is  scarcely  possible  to  demonstrate  any  protoplasm  around  the 
nucleus,  and  the  processes  at  the  poles  of  the  cell  seem  to  spring  directly 
from  the  nucleus  (nuclear  fibres).  Such  varieties  are  dense  and  hard. 
They  form  the  connecting-link  between  sarcomata  and  fibromata,  and 
are  called  fibrosarcomata. 

Sarcomata  with  polymorphous  cells  are  also  found  among  the  spin- 
dle-celled sarcomata.  They  contain  spindle-shaped,  triangular,  and 
prismatic  cells,  and  also  star-shaped  cells  and  cells  which  are  quite  ir- 
regular in  shape  (Fig.  270) . 

Both  in  polymorphous-celled  and  in  spindle-celled  sarcomata  are 
found  more  or  less  numerous  giant  cells  (Figs.  268,  270,  and  271),  so 


Fig.  269. 


FIG.  270. 


Fig.  269.— Spindle-cells  from  a  large  spindle-celled  sarcoma  of  the  cheek.    (Teased  preparation.)    Mag- 
nified 400  diameters. 

Fig.  270.— Cells  from  a  medullary  giant-celled  sarcoma  of  the  tibia.    (Preparation  stained  with  hasma- 
toxylin.)    Magnified  400  diameters. 


that  the  name  of  giant=cell  sarcoma  may  properly  be  applied  to  these 
tumors.  They  develop  most  often  from  some  part  of  the  osseous  sys- 
tem, but  they  are  found  in  other  parts  of  the  body  also. 

If  a  sarcoma  develops  in  a  preexisting  new  growth,  a  mixed  form  of 
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tumor  results,  to  which  the  names  myxosarcoma  (Fig.  229),  chondro= 
sarcoma  (Fig.  234),  myosarcoma,  etc.,  are  given.  If  bone  develops  in 
a  sarcoma,  we  have  an  osteosarcoma. 

Lymphosarcoma  of  the  lymph-glands  and  of  the  lymphatic  system  of  the  spleen  and  of 
the  mucous  membrane  of  the  intestinal  tract  produces  a  peculiar  condition  of  the  affected 


Fig.  271.— Giant-cell  sarcoma  of  the  upper  jaw.    (Müller's  fluid ;  haematoxylin.)    Magnified  400  diameters. 


organs  ;  the  progressive  increase  in  the  lymphadenoid  tissue  leading  to  the  formation 
of  large  nodules.  Under  these  circumstances  the  characteristic  structure  of  the  lym- 
phatic system  is  lost  and  the  new-formed  tissue  also  shows  considerable  variations  from 
the  structure  of  typical  lymphadenoid  tissue — e.g.,  fibrous  thickening  of  the  reticulum, 
or  the  production  of  giant  cells.  As  similar  growths  also  occur  in  other  organs,  such  as 
the  liver,  the  disease  cannot  be  looked  upon  as  a  simple  hypertrophy  of  the  lymphade- 
noid tissue,  but  is  closely  associated  with  tumor  building.  It  is  possible  that  it  may 
be  an  infectious  disease. 

§  121.  Sarcomata  which  present  an  organoid  structure  are  found 
among  those  forms  called  alveolar  sarcomata  and  tubular  sarcomata. 

These  growths  are  connective-tissue  tumors  in  which  the  cells,  especially 
the  larger  ones,  are  arranged  in  groups,  so  that  it  is  possible  to  distin- 
guish a  vascular  stroma  and  separate  aggregations  of  cells.  According  to 
their  genesis  these  tumors  may  be  divided  into  two  classes :  endothelio- 
mata  and  hgemangiosarcomata.  There  are  also  sarcomata  of  an  alveo- 
lar type  which  possess  stroma  and  cell-nests,  but  which  cannot — so  far 
as  their  development  is  concerned — be  included  with  the  above-named 
classes. 

The  endotheliomata  are  organoid  sarcomata  in  which  the  large  cells 
of  the  cell-masses  and  strings  are  derived  from  a  proliferation  of  the  en- 
dotJielium  of  the  lymph-spaces  and  lymph-vessels.  They  may  therefore  be 
called  lym'phangiosarcomata.  They  develop  in  previously  healthy  tis- 
sue, or  in  tumors  already  formed,  especially  in  hypertrophic  lymphan- 
giomata  (pigment  spots  and  warts ;  cf .  §  115) ,  and  in  myxochondromata. 
The  localities  in  which  they  are  particularly  likely  to  develop  from 
healthy  tissue  are  the  membranes  of  the  skull  and  the  serous  membranes 
of  the  great  cavities  of  the  body,  but  they  may  also  develop  in  the  same 
manner  in  other  organs.     When  they  develop  from  hypertrophic  lym- 


ENDOTHELIOMATA . 


343: 


phangiomata,  it  is  usually  from  such  as  are  seated  in  tiie  skin.  Finally, 
when  they  take  their  start  from  a  myxomatous  tumor,  the  latter  is  apt; 
to  be  one  of  the  mixed  growths  found  in  the  salivary  glands,  the  palate, 
or  the  orbit. 

Endotheliomata  of  the  delicate  membranes  of  the  brain  or  spinal  cord 
may  be  either  nodular  or  flattened  growths.  Their  mode  of  growth  is 
the  following :  The  flat  endothelial  cells  which  clothe  the  connective- 
tissue  network  of  the  subarachnoid  tissue  and  of  the  pia  become  swollen 
and  assume  the  appearance  of  cubical  or  even  of  cylindrical  cells  (Fig. 
272,  d,  e).  Consequently  the  new  growth  at  first  presents  the  character- 
istics of  tabular  gland-like  formations  ;  and,  when  the  process  of  prolife- 
ration is  active,  even  solid  nests  of  cells  may  be  formed.  Inasmuch  as 
the  pia  extends  into  the  brain  as  a  lymphatic  sheath  over  the  cerebral 
vessels,  the  further  advancement  of  the  new  growth  will  take  place  in  tlie 
form  of  cords  of  large  cells  (like  epithelial  cells)  following  the  course  of 
these  vessels  (Fig.  272,  /,  g,  h). 

Endotheliomata  of  the  dura  mater  are  formed  by  a  proliferation  of  the 
endothelial  cells  of  the  lymph- vessels;  and  through  a  filling  up  of  the. 


Fig.  272.— Section  through  an  eodothelioma  of  the  pia  mater  and  cerebral  cortex,  diffusely  spread  out 
over  the  surface  of  the  brain  and  spinal  cord.  (Miiller's  fluid ;  hsematoxylin.)  a,  Pia  mater  on  the  surface, 
b,  in  a  sulcus,  of  the  brain ;  c,  cortex  ;  d,  e,  endothelial  growths  in  the  subarachnoid  spaces  ;  /,  g,  ?(,  endo- 
thelial growths  in  the  pial  sheaths  of  the  cortical  vessels  ;  t,  longitudinal  section  through  a  vein.  Magnifled. 
30  diameters. 


same  with  large  cells,  there  are  formed  anastomosing  strings  of  cells. 
(Fig.  273,  c,  d,  e)  which  in  some  places  may  still  preserve  a  lumen. 

Endotheliomata  of  the  pleura  or  of  the  j^eriiorieum  are  usually  flat 
growths  with  a  certain  number  of  nodular  elevations.     They  are  charac- 
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terized  by  strings  of  large  cells  (Fig.  274,  b) ,  which,  following  the  course 


Fig.  273.— Endothelioma  of  the  dura  mater.  (Muller's  fluid ;  haematoxylin.)  a,  Stroma  of  connective 
tissue ;  b,  an  aggregation  of  small  round  cells ;  c,  nests  and  cords  of  cells,  resulting  from  the  proliferation  of 
the  endotheliutn  of  the  lymph-vessels ;  d,  cord  of  endothelial  cells  with  a  lumen ;  e,  area  of  fatty  degenera- 
tion in  a  nest  of  endothelial  cells ;  /,  cord  of  cells,  gradually  mixing  with  the  bordering  connective  tissue  on 
the  right.    Magnified  25  diameters. 

of  the  lymph-vessels,  traverse  the  proliferating  and  already  hypertro- 
phied  tissue  of  the  serosa. 

Endotheliomata  of  the  mamma  are  rare  tumors.  They  develop  in  the 
form  of  nodules,  through  the  proliferation  of  the  endothelium  of  the 
lymph- vessels  and  lymi)h-spaces  (Fig.  275,  h,  c),  and  in  the  course  of 


Tig.  374.— Endothelioma  of  the  pleura.    (Alcohol;  hffimatoxvlm.)    a.  Thickened  connectne  tissue  of  the 
pleura,  the  result  of  proliferatn e  activity  ;  h,  cord-like  m<issei>  of  cells.    Magmfljed  100  diameters. 


their  growth  they  produce,  in  some  places,  large  strings  of  cells  (c),  in 
others  smaller  clumps  of  cells.     The  proliferating  cells  vary  much  in 
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the  size  and  composition,  as  well  as  in  the  form,  of  both  the  nucleus  and 
the  cell-body. 

Endotlieliomata  of  the  sMn,  which  develop  from  hypertrophic  lym- 
phangiomata  (warts  and  moles),  possess  a  structure  similar  to  that  of 
the  original  growth,  and  therefore  also  have  cell-nests  of  varving  size 
(Fig.  254). 

The  endothelial  groiuths  ichich  occur  in  myxomata  and  myxochondro- 
mata  form  strings  of  cells  of  different  shapes  (Fig.  229,  h) ;  but  it  is  to 
be  remembered  that  similar  growths  spring  from  blood-vessels  (Fig.  278, 
c,  d),  so  that  a  definite  conclusion  in  regard  to  the  nature  of  the  strings 
is  often  impossible. 

The  alveolar  or  tubular  or  plexiform  structure  of  endotheliomata  is 
sharply  defined  only  in  the  early  stages  of  the  growth,  and  is  likely  to 
disappear,  at  least  in  part,  as  that  growth  i^rogresses.  This  is  due,  on 
the  one  hand,  to  the  fact  that  the  endothelial  proliferation  extends,  with- 


Fig.  275.— Endothelioma  of  the  raammary  gland.  (Alcohol ;  haematoxylln ;  eosin.)  a.  Connective  tis- 
sue ;  ?),  enlarged  cells  In  the  Interetices  of  the  connective  tissue ;  c,  cord-like  masses  of  cells ;  cZ,  diffuse 
growth  of  cells.    Magnified  300  diameters. 

out  sharp  limits,  into  the  surrounding  connective  tissue  (Fig.  273,  /) ; 
and,  on  the  other,  to  the  circumstance  that  the  connective-tissue  cells 
themselves  take  on  a  new  activity  similar  to  that  of  the  endothelial  tis- 
sue. The  result  of  this  double  proliferative  activity  is  the  production 
of  a  cellular  new  growth  of  considerable  size  and  possessing  the  charac- 
ters of  an  ordinary  sarcoma  (Fig.  275,  d).  Accordingly,  no  sharp  di- 
viding line  can  be  drawn  between  the  endotheliomata  and  the  sarcomata ; 
indeed,  as  a  matter  of  fact,  the  former  may  gradually  become  altered 
into  the  latter. 


The  similarity  in  structui-e  iDetween  the  endotheliomata  and  the  carcinomata  raises 
the  question  whether  it  would  not  he  better  to  designate  the  endotheliomata  as  endothelial 
cancers.  The  -«tructure  of  the  tumors  would  certainly  justify  us  in  following  such  a 
course,  and  yet  at  the  same  time  I  consider  it  better  to  avoid  the  use  of  this  term.  In 
the  first  place,  the  term  endothelioma  is  in  general  use  and  is  quite  appropriate,  so  that 
the  introduction  of  the  term  endothelial  cancer  would  easily  give  rise  to  uncertainty. 
The  term  cancer  is  usually  employed  to  designate  an  epithelial  tumor,  and  consequently 
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it  does  not  seem  desirable  to  introduce  two  types  of  cancer— an  epithelial  and  an  endo- 
thelial variety. 

I  have  classed  as  endotheliomata  those  tumors  of  the  serous  membranes  which  are 
characterized  by  the  formation  of  strings  of  cells  in  the  lymph-channels,  and  in  so  do- 
ing I  have  assumed  that  the  strings  of  cells  are  derived  from  the  endothelium  of  the 
lymph-vessels  and  lymph-spaces.  1  must  admit,  however,  that  I  do  not  consider  this 
supposition  absolutely  proved,  in  spite  of  the  definite  statements  of  certain  authors  (cf. 
Glockner).  The  possibility  of  their  development  out  of  the  epithelium  of  the  serosa  is 
not  excluded  (Benda),  and  if  it  were,  there  would  still  remain  the  question  whether  it 
would  not  be  better  to  reckon  such  tumors  with  the  cancers,  as  is  done  with  the  corre- 
sponding tumors  of  the  kidney  and  the  ovary,  the  glandular  cells  of  which  organs  are 
derived  from  the  peritoneal  epithelium. 

§  122.  The  hsemangiosarcomata  or  angiosarcomata,  in  the  uarrower 
sense  of  the  term,  make  up  a  group  of  organoid  sarcomata,  in  which  the 
walls  of  the  blood-vessels  and  their  surroundings  not  only  participate  in 
a  special  manner  in  the  building-up  of  the  tumors,  but  also  at  the  same 
time  they  constitute  a  characteristic  portion  of  these  growths. 

In  typical  cases  the  substance  of  the  tumor  may  be  made  ui)  almost 
entirely  of  a  mass  of  blood-vessels  (Fig.  276,  a) ,  the  walls  of  which  are 
surrounded  by  thick  layers  of  cells  extending  often  to  the  endothelium 
(b).  The  thick- walled  tubes  of  cells  sometimes  pursue  an  isolated 
course,  and  at  other  times  they  form  anastomoses,  thus  furnishing  a 
picture  in  which  there  is  much  twisting  and  curving  of  the  parts  (plexi- 
form angiosarcoma). 

The  perivascular  mantle  of  cells,  which  is  a  characteristic  feature  of 
an  hsemangiosarcoma,  may  constitute  the  chief  portion  of  the  tumor 
(Fig.  276,  a,  h,  c ;  Fig.  277,  a),  so  that  the  remaining  tissues,  represent- 


Fig.  376.— «Section  through  a  nodular  angiosarcoma  of  the  thyroid  (rioniinme's  mixture;  safranin) 
a,  a.  Vessels  in  section ;  h,  perivascular  cellular  cylinder  in  cross-section,  showing  numerous  mitoses ;  c. 
granular  masses  with  scattered  cells  between  the  cellular  cylinders.    Magnified  80  diameters. 


ing  all  that  is  left  of  the  original  structures,  are  decidedly  put  into  the 
background.  In  other  cases  the  strings  of  cells  which  are  derived  from 
the  blood-vessels  constitute  only  an  insignificant  portion  of  the  tumor 
(Fig.  278,  d)\  and  while  they  give  to  certain  parts  of  it  a  char- 
acteristic appearance,  yet  their  bulk  is  far  less  than  that  of  other  con- 
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stituents — such,  for  example,  as  the  cellular  fibrous  tissue  and  the  carti- 
lage tissue  (Fig.  278,  h,  a),  or  the  myxomatous  tissue  (Fig.  284).  If 
there  is  a  marked  growth  of  the  perivascular  tubes  of  cells,  and  if  these, 
in  the  course  of  their  growth,  become  fused  one  with  another  (Fig.  277), 
the  angiosarcoma  will  simply  become  an  ordinary  sarcoma,  a  transfor- 
mation which  invariably  takes  place  in  large  tumors  of  this  character. 


d 


Fiu.  377.— Angiosarcoma  of  the  testicle,  a,  Closely  packed  masses  of  cells  lying  around  the  blood-ves- 
sels ;  b,  parts  of  the  tissue  in  which  there  are  very  few  cells ;  c,  hyaline  scales ;  rt,  hyaline  mass  in  which 
blood  is  imprisoned ;  e,  seminiferous  tubules ;  /,  large  vein.  (Müller's  fluid ;  haematoxylin ;  eosin.)  Magni- 
fied 80  diameters. 

Hsemangiosarcomata  occur  in  various  organs — in  the  testicles,  kid- 
neys, salivary  glands,  brain,  mamma,  bones,  thyroid  gland,  and  liver; 
but  they  are  rarely  encountered  in  the  last-named  organs. 

Endotheliomata  or  lymphangiosarcomata  and  haemangiosarcomata 
are  not  sharply  differentiated  from  each  other,  and  there  are  certain 
tumors  which  may  properly  be  called  by  one  or  the  other  name.  The 
perivascular  development  of  the  endothelial  growth  in  the  brain,  in 
endothelioma  of  the  pia  (Fig.  272,/,  g,  h),  merits  also  the  name  hsem- 
angiosarcoma.  If  the  endothelium  of  the  blood-vessels  of  an  hgeman- 
giosarcoma  proliferates  (Fig.  284,  d),  the  term  endothelioma  may  also 
appropriately  be  employed. 

If  the  cell-nests,  in  a  lymphangioma  of  the  skin,  increase  so  greatly 
in  number  that  the  spaces  between  the  vessels  are  completely  filled  with 
cells,  while  the  framework  of  the  tumor  is  composed  entirely  of  the 
blood-vessels  (Fig.  279),  it  is  an  open  question  whether  the  tumor  should 
be  called  an  endothelioma  or  a  haemangiosarcoma. 

The  term  angiosarcoma  is  not  used  with  the  same  meaning  by  all  authors.  Wal- 
deyer  introduced  the  name  for  tumors  springing  from  the  adventitia  of  blood-vessels. 
Kolaczek  has  extended  its  use  so  that  it  shall  include  also  those  which  spring  from  the 
lymph-vessels,  and  many  authors  have  followed  his  lead.  It  certainly  is  more  correct, 
as  well  as  more  practical,  to  employ  the  name  only  for  those  tumors  to  which  it  was 
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originally  given  (i.e.,  for  tumors  whicli  spring  from  blood-ves.sels),  and  to  apply  the 
name  endothelioma  to  tumors  starting  from  the  endothelial  cells  of  lymph-vessels  and 
lymph-spaces.  If,  however,  the  application  of  the  term  is  insisted  upon  for  both  classes 
of  tumors,  then  it  is  very  desirable  that  the  terms  hoimangiosarcoma  and  lynixihaiujioaar- 
coma  should  be  employed.  The  suggestion  that  the  ttrm  xjerithelloma  should  be  used  in 
the  place  of  hsemangiosarcoma  has  not  met  with  a  favorable  reception,  and  besides  it 
seems  superfluous  to  introduce  a  new  term  with  :svhich  to  designate  an  angiosarcoma. 

It  is  the  custom  with  a  number  of  authors  to  use  the  term  angiosarcoma  in  all  cases 
in  which  the  blood-vessels  and  the  sarcomatous  tissue  are  so  markedly  developed  that 


Fig.  278.— CtiondroQbroma  of  one  portion  of  the  parotid  gland,  and  angrosarconia  or  another.  (MüUer's 
fluid ;  hsematoxylin :  eosin.)  a.  Area  of  cartilaginous  growth ;  b,  Ann  sarcomatous  tissue  ;  c.  blood-vessels ; 
ri,  cord-like  masses  of  cells  which  have  grown  out  from  blood-vessels,  and  which  show,  here  and  there,  small 
hyaline  areas.    Magnified  80  diameters. 


they  stand  out  iu  striking  contrast, 
commended. 


Such  a  special  employment  of  the  term  is  not  to  be 


§  123.  Sarcomata  which  acquire  a  peculiar  character,  either  be= 
cause  their  cellular  elements  produce  some  special  substance  or  be= 
cause  certain  changes  take  place  in  the  framework  of  the  tumor,  are 

to  be  found  both  among  the  usual  types  of  sarcoma  and  also  among 
those  which  possess  an  organoid  structure.  The  chief  examj^les  of 
tumors  which  belong  in  this  category  are  the  melanosarcomata,  the 
chloromata,  the  osteoid  sarcomata,  the  petrifying  sarcomata,  the  psam- 
momata,  and  the  sarcomata  in  which  there  are  hyaline  formations. 

rielanosarcomata  are  developed  in  tissues  which  contain  pigmented 
connective-tissue  cells — cJtromatopJiores.  They  are  most  often  found  in 
the  choroid  of  the  eye  and  in  the  skin.  In  the  latter  situation  moles 
and  birth-marks  form  their  usual  starting-point.  They  belong  to  the 
malignant  sarcomata,  which  grow  into  the  neighboring  tissues,  and  form 
metastases.  The  fulh-  developed  tumor  is  in  whole  or  in  part  smoky 
gray  or  black  or  brown,  the  color  being  due  to  the  presence  of  round  or 
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angular  or  fusiform  or  branching  cells,  wliicli  are  either  filled  with  yel- 
lowish-brown pigment  granules  (Fig.  279,  h,  e,  and  Fig.  280,  c),  or  are 
stained  a  diffuse  yellow.  In  sar- 
comata of  an  alveolar  type,  the 
pigment  may  lie  in  the  large  nests 
of  cells  or  in  the  small  cells  of  the 
framework.  It  is  found  to  be  es- 
pecially abundant  in  the  vicinity 
of  the  ^blood-vessels  (Fig.  279,  e, 
and  Fig.  280,  d),  but  this  pig- 
ment is  not  hsemosiderin  (cf. 
§73). 

The  metastases  are  also  more 
or  less  pigmented,  and  sometimes 
they  are  of  even  a  darker  shade 
than  the  mother  tumor. 

Chloromata  are  characterized 
by  a  color  which  appears  bright 
green  on  the  freshly  cut  surface, 
but  changes  to  a  dirty  hue  when 
the  latter  is  exposed  to  the  air  for 
a  short  time.  They  develop  most 
frequently  from  the  periosteum 
of  the  cranium,  and  are  formed 
of  a  tissue  composed  of  round 
cells  and  a  reticulated  frame- 
work.     They  may  therefore  be  reckoned  among  the  lymphosarcomata. 

According  to  Chiari  and  Huber,  the  green  color  is  due  to  the  pres- 


FiG.  379.— Section  through  a  melanotic  alveolar  sar- 
coma of  the  skin.  (Alcohol;  ha9matoxylln.)  a.  Sar- 
coma-cell of  an  epithelial  character  containing  one 
nucleus  ;  Oj,  the  same,  with  more  than  one  nucleus; 
ft,  cells  containing  pigment :  e,  stroma  containing 
blood-vessels  and  pigment.    Magnified  300  diameters. 


Fig.  280.— Melanosarcoma  of  the  skin.  (Alcohol;  carmine;  eosin.)  a.  Sarcoma  tissue. nch  m  cells; 
?>,  nests  of  ceUs  ;  c.  pigment  cells  ;  d,  blood-vessels  with  walls  which  have  undergone  hyaline  degeneration. 
Magniüed  300  diameters. 
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ence  in  the  cells  of  small  shining  spherules  which  give  the  microchemi- 
cal  reaction  of  fat.     The  disappearance  of  the  color  in  alcohol  lends 


Fig.  281.— Osteoid  sarcoma  of  the  ethmoid  bone.    (Müller's  fluid ;  haematoxylin  ;  eosin.)    a,  Sarcoma-tis- 
sue ;  Ö,  osteoid  tissue ;  c,  plate  of  old  bone ;  rt,  vascular  flbrous  tissue.    Magnified  45  diameters. 

support  to  this  statement.     On  the  other  hand,  Ton  Recklinghausen 
Claims  that  the  color  is  parenchj^matous. 

Osteoid  sarcomata  develop  in  the  marrow  of  bones  and  in  their  peri- 
osteum, and  are  characterized  by  the  fact  that  in  certain  portions  of  the 
framework  of  the  growth  a  condensation  of  the  tissue  takes  place,  i.e., 
trabecidce  of  osteoid  tissue  are  formed  (Fig.  281,  h).     A  tumor  of  this  na- 


na. 282.— Petrifying  large-celled  sarcoma  of  the  tibia.  (Müller's  fluid ;  haematoxylin ;  eosin.)  a.  Poly- 
morphous tumor-cells ;  T>,  alveolar  stroma ;  c,  trabeculae  of  the  stroma  vrtth  small  calcareous  concretions ; 
(Z,  petrified  bands  of  the  stroma.    Magnified  265  diameters. 

ture,  while  closely  resembling  an  osteosarcoma,  still  differs  from  it  in 
one  respect :  it  contains  no  deposit  of  lime  salts. 

Petrifying  sarcomata  also  develop  most  frequently  in  some  part  of 
the  skeleton.  They  are  characterized  by  the  fact  that  trabeculae  of  a 
delicate  basis-substance  develop  among  the  cells  of  the  tumor  (Fig. 
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282,  c)  and  afterward  undergo  calcification  (d);  thus  giving  a  certain 
hardness  to  the  tissue  of  the  tumor.  At  the  same  time  no  actual  bone- 
formation  takes  place. 

Psammomata  or  sand  tumors  (acervulomata)  are  sarcomata  or  fibro- 
sarcomata  of  the  dura,  or  of  the  soft  membranes  of  the  brain,  or  of  the 
pineal  gland,  which  contain  concretions  of  lime  in  greater  or  less  abun- 
dance. Some  of  these  concretions  are  similar  in  structure  to  the  normal 
cerebral  sand,  the  basis  of  their  formation  being  concentric  layers  of 
cells  which  have  undergone  hyaline  degeneration  (Fig.  283,  a,  h,  c). 
Others  are  shaped  more  like  a  lance  (c?),  and  probably  owe  their  origin 
to  the  deposit  of  lime  salts  in  connective  tissue  which  has  undergone 
hyaline  degeneration,  or  in  blood-vessels  which  have  previously  passed 
through  the  same  pathological  change. 

Psammomata  usually  occur  in  the  form  of  round  nodules.  As  a  rule, 
several  of  them  are  found  at  the  same  time. 

If  the  myxosarcomata  are  left  out  of  the  account  it  may  be  said  that 
the  sarcomata  which  contain  masses  of  hyaline  substance  acquire  this 
feature  in  one  of  the  following  three  ways :  either  the  cells  produce  the 


Fig.  283.— Section  of  a  psammoma  of  the  dura,  mater.  (Alcohol ;  picric  acid ;  hasmatoxylin ;  eosin.) 
a,  Hyaline  nucleated  globule  including  a  concretion;  ö,  concretion  with  non-nucleated  hyaline  border,  lying 
in  fibrous  tissue  ;  c,  concretion  with  hyaline  border ;  d,  lanceolate  concretion  in  connective  tissue ;  e,  lanceo- 
late formation  containing  three  concretions.    Magnified  200  diameters. 

hyaline  substance ;  or  else  they  themselves  become  converted  into  this  mate- 
rial ;  or^  finally,  both  the  fully  developed  connective  tissue  and  the  blood- 
vessels undergo  a  change  into  hyaline substayice.  The  changes  enumerated 
may  take  place  not  only  in  an  ordinary  sarcoma,  but  also  in  an  endothe- 
lioma or  an  hgemangiosarcoma,  although  they  occur  far  more  commonlv 
in  the  last-named  tumors  (Fig.  274,  b ;  Fig.  278,  d;  Fig.  284).  The  hy- 
aline masses  are  encountered  in  a  variety  of  forms.  They  are  some- 
times round,  sometimes  club-shaped,  sometimes  like  cords,  sometimes 
like  a  net,  and  sometimes  branching  like  the  leaves  of  a  cactus  plant. 
They  crowd  apart  the  masses  of  cells  and  sometimes  compel  them  to 
assume  the  aspect  of  cords.  Billroth  has  described  such  tumors  as  cyl- 
indromata.  In  endotheliomata  the  hyaline  degeneration  may  be  associ- 
ated with  the  formation  of  epithelial  pearls — i.e.,  small  bodies  which  are 
composed  of  cells  that  have  been  rendered  flat  and  have  been  arranged, 
like  the  layers  of  an  onion,  around  a  central  nucleus. 

Hyaline  degeneration  of  the  lualls  of  the  blood-vessels  and  of  the  bundles 
of  connective  tissue  results  in  a  thickening  of  these  structures  (Fig.  280, 
d) ;  and  this  thickening  is  sometimes  uniformly,  sometimes  irregularly, 
distributed.     Hyaline  products  of  the  cells  have  a  tendency  to  assume  a 
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spherical  shape  (Fig.  274,  h;  Fig.  278,  d:  Fig.  284,  c,  d).  The  dis- 
integration of  masses  of  cells  of  considerable  size  is  followed  by  their 
conversion  into  large  balls,  or  cords,  or  branching  stnictures  of  hyaline 
material. 

If,  in  the  case  of  endothelium ata  and  angiosarcomata,  the  cord-like 


Fig.  384.— Myxoangiosarcoma  of  the  parotid  gland,  with  h^line  deposits.    fM oiler's  fluid :  baefnatoxy- 

lln ;  eosin.)    a.  Mucous  tissue :  h.  cord-like  masses  of  cells,  in  the  midst  of  vrhieh  are  spheres  of  hyaline  ma- 
terial ;  c.  hyaline  spheres  in  mucous  tissue ;  d.  blood-vessels  with  proliferating  endothelium  and  hyaline 

Magnified  If.nj  diameters. 


masses  of  cells  which  have  developed  in  the  lymph-  or  blood-vessels 
undergo  a  change  into  hyaline  substance,  there  will  be  produced  a  vari- 
ety of  structures  that  closely  resemble  glands  which  contain  colloid 
(Fig.  284,  d),  and  that  have  even,  in  not  a  few  instances,  been  mistaken 
for  the  latter. 

Eibbert  looks  upoD  melanosarcomata  as  an  independent  varieiy  of  new  growtli.  It 
is  because  they  spring  from  the  chromatophores  that  he  believes  they  should  be  sepa- 
rated from  the  sarcomata  and  reckoned  as  a  class  by  themselves.  It  is.  however,  to 
be  noticed  that,  in  addition  to  the  chromatophores.  other  cells  take  on  proliferative  ac- 
'  rity.  Consequently  the  melanosarcomata  can  be  considered  only  as  sarcomaia  in  the 
building  up  of  which  certain  cells  have  taken  part — cells  which  have  the  jwwer  of  pro- 
ducing pigment. 


2.   Hie  Epithelial  Tumors. 
(a)  General  Remarks. 

§  124.  Epithelial  tumors  are  new  growths  in  the  formation  of  which 
both  vascular  connective  tissue  and  epithelial  cells — i.e.,  tissues  which 
are  derived  either  from  epidermal  or  from  glandular  epithelial  cells— take 
part.  The  arrangement  of  connective  tissue  and  epithelial  cells  follows 
in  general  that  of  the  normal  physiological  arrangement  of  these  tissues; 
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that  is  to  say,  the  connective  tissue  either  forms  a  layer  the  surface  of 
which  is  covered  with  epithelium,  as  in  the  normal  skin  and  mucous 
membranes,  or  else  it  forms  a  network  in  the  meshes  of  which  the  epi- 
thelial cells  are  disposed,  after  the  pattern  of  a  normal  gland.  The  imi- 
tation of  the  first-named  structure  leads  to  tlie  formation  of  papillary 
new^  grov^ths  ;  that  of  the  second,  to  the  formation  of  more  or  less 
sharply  defined  nodules  or  superficial  patches  of  thickened  tissue. 

The  epithelial  tumors  may  be  divided  into  two  groups,  according  to 
the  physical  characteristics  and  arrangement  of  the  cells ;  one  group  in- 
cluding the  papillary  epitheliomata,  the  adenomata,  and  the  cystade= 
nomata,  and  the  other  the  carcinomata  and  the  cystocarcinomata. 
The  chief  clinical  characteristic  of  the  first  group  lies  in  the  fact  that  it 
contains  only  benign  tumors,  lohicli  are  sharply  differentiated  from  the 
surrounding  {-issues  and  do  not  form  metastases.  The  second  group,  on 
the  other  hand,  includes  the  malignant  new  growths,  icJiich  grow  hy  in- 
filtration and  form  metastases.  However,  the  two  groups  are  not  sharply 
separated  the  one  from  the  other,  for  papillary  epitheliomata  and  ade- 
nomata may,  through  the  occurrence  of  certain  changes  in  the  mode  of 
multiplication  and  distribution  of  their  epithelial  cells,  become  converted 
into  carcinomata. 

(&)  Papillary  Epitheliomata,  Adenomata  and  Cystadenomata. 

§  125.  A  papillary  epithelioma  is  a  new  growth  which  is  composed 
of  a  framework  of  connective-tissue  papillae  covered  with  epithelial  cells. 
It  is  therefore  constructed  in  very  much  the  same  manner  as  are  the 
papillae  of  the  skin.  Nevertheless,  there  are  certain  differences :  the 
papillae  are  higher  and  often  branched,  and  the  epithelial  covering  as  a 
whole  is  thicker. 

Papillary  epitheliomata  of  the  skin  appear  in  the  form  of  knobbed 
warts,  the  slender  papillae  of  which  (Fig.  285)  are  covered  by  epithelial 
cells  that  show  a  tendency,  at  least  so  far  as  the  outermost  layers  are 
concerned,  to  become  cornified  {icJithyotic  ivarts  and  liorny  luarts). 
These  warts  may,  like  the  fleshy  warts  (see  §  115),  appear  in  youth 
(ichtliyotic  loarts)  as  well  as  in  advanced  age  (verruca  senilis).     The  first- 
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Fig.  285.— Papillary  epithelioma  or  icbthvotic  wart  of  the  skin.    (Miiller's  fliiiri;   Iktji  . 

a,  Corium  ;  I),  enlarged  papillary  body ;  c,  laminated  horny  epithelium.    MagniQed  40  diameters. 

named  sort  is  a  local  malformation  of  the  skin  (Fig.  285),  while  the 
last-named  is  due  to  a  pathological  growth  and  cornification  of  the  epi- 
thelium (Fig.  286,  c,  c?),  followed  by  an  outgrowth  of  the  peripheral  por- 
tions of  the  same,  in  the  form  of  papillae.  The  development  of  what  is 
20 
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known  as  a  cornu  cidaiieum  or  cutaneous  horn  (Fig.  121  and  Fig.  122)  is 
due  to  the  excessive  cornification  of  the  epithelium  covering  hypertro- 
phied  papillae;  and  in  this  process  it  will  be  found  that  the  homy  epi- 
thelial cells  become  piled  up,  with  their  long  axes  at  right  angles  to  the 
surrounding  surfaces  of  the  skin,  in  cylindrical  or  cone-shaped  masses. 

Papillary  epitheliomata  of  the  mucous  membranes  are  encountered 
either  in  the  form  of  wart-like,  nodulated  growths  (Fig.  287,  e,f),  or  in 
that  of  long,  slender,  papillary  growths  (Fig.  288,  a)  which  spring  from 
a  small  stem  that  often  breaks  up  into  a  number  of  branches.  The 
former  varietj^  is  found  especially  in  the  larynx,  rarely  in  the  nose  or 
urinary  bladder;  while  the  latter  variety  is  seen  in  the  urinary  bladder, 
in  the  pelvis  of  the  kidney,  and  upon  the  vaginal  portion  of  the  utei-us, 
more  rarely  in  the  ureters,  the  gall-bladder,  or  the  biliary  j^assages. 

In  both  varieties  the  individual  excrescences  are  formed  each  one  of 
a  slender  connective-tissue  papilla  (Fig.  289)  which  contains  blood-ves- 
sels and  is  covered  by  a  thick  layer  of  epithelial  cells.  The  character 
of  the  epithelium  corresponds  in  general  to  that  of  the  part  in  which  the 
growth  occurs,  but  there  are  papillomata  which  are  covered  with  strati- 
fied, flat  epithelial  cells,  although  growing  from  a  part  (e.g.,  the  nose) 
the  normal  epithelium  of  which  is  cylindrical  in  shape. 

Papillary  epitheliomata  in  dilatation  cysts,  which  are  also  called 
papillary  cystomata,  occur  most  frec^ueutly  in  cysts  of  the  ovary  and  in 
cysts  of  the  lactiferous  ducts  of  the  mammary  gland;  more  rarely  they 
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Fig.  -SB.— Senile  borny  wart  Of  the  bkin  ui  Uic  i"UuLaa.  1  r  i . .: -'  '.....-  ._  -  -  r>  oldJ  (.Alco- 
hol; bgematoxvlm ;  eosm.)  a,  Corium ;  h,  epithelium;  c,  atrophied  sebaceoum  fv>llKles.  with  bomv  epithe- 
lium at  their  outlets ;  d,  hypertrophied  horny  layers ;  e,  enlarged  papillee  of  the  skin.     Magnified  15  diameters. 

are  encountered  in  atheromata  (dermoids)  of  the  skin.  They  form  little 
wart-like  elevations,  or  cauliflower-like  tumors  which  in  some  instances 
may  fill  up  the  whole  cyst.  Their  structure  is  like  that  of  the  corre- 
sponding excrescences  in  papillary  adenocystomata  (cf.  §  127),  or  the 
papillary  epitheliomata  of  the  skin  or  mucous  membranes. 
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Papillary  epitheliomata  of  the  surface  of  the  ovary  develop  in 
about  the  same  manner  as  do  those  of  the  urinary  bladder ;  but  they  are 
of  rare  occurrence.     Papillary  epitheliomata  of  the  ventricles  of  the 

brain  spring  partly  from  the 
choroid  plexus  (telse  choroi- 
dese),  and  partly  from  the 
ependyma. 

It   is    difficult   to  draw  a  sharp 
dividing  line  between  papillary  epi= 
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Fig.  287.— Papillary  epithelioma  of  the  larynx,    a.  Epiglottis ; 
"Cartilage ;  e,  /,  papillary  growths.    Natural  size. 


Fig.  288.— Papillary  epithelioma  of  the  urinary  bladder,    a.  Epithelioma 
thickened  wall  of  the  bladder.    Five-sixths  natural  size. 


,  ossified  cricoid  cartilage  ;  c,  thyroid 
Ö,  c,  enlarged  prostate;  d, 


theliomata  and  other  formations.  Thus,  inflammatory  growths  of  the  skin  and  mucous 
membranes — the  pointed  condylomata — which  develop  especially  on  the  external  geni- 
tals as  the  result  of  irritations  of  a  chronic  nature  (cf.  §  105).  resemble  the  epitheliomata 
so  closely  that  they  can  be  told  from  them  only  by  the  history  of  an  antecedent  inflamma- 
tion. If  the  connective-tissue  framework  of  the  papilloma  is  well  developed,  in  compari- 
son with  the  amount  of  epithelium  that  may  be  present,  the  tumor  may  be  reckoned  among 
the  papillary  fibromata.  Whether  such  a  classification  of  the  growth  is  to  be  adopted 
or  not  in  any  particular  instance,  is  a  matter  which  must  be  left  to  the  judgment  of  each 
observer.  Finally,  the  benign  papillary  epitheliomata  may  also  change  into  carcino= 
mata,  either  by  the  growth  of  the  epithelium,  at  the  base  of  the  papillae,  into  the  under- 
lying connective  tissue,  or  by  the  growth  of  the  superficial  epithelium,  while  in  a 
condition  of  proliferation,  into  neighboring  organs,  as  takes  place,  for  example,  in  papil- 
lary epitheliomata  of  the  ovary.  As  a  general  remark  it  may  be  said  that  the  term 
epithelioma  is  often  applied  to  carcinomata  which  take  their  start  from  surface  epithe- 
lium, but  it  seems  far  better  to  reserve  this  term  for  the  benign  tumors  described  above. 
Among  the  epitheliomata  may  be  classed  those  formations  which  are  called  chole= 
steatumata  or  pearl  tumors,  and  which  owe  their  existence  partly  to  inflammations, 
partly  to  misplacement  of  embryonal  tissue.  The  most  striking  feature  of  the  chole- 
steatoma is  due  to  the  presence  of  glistening  white  pearls  which  are  made  up  of  thin,  scaly 
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epithelial  cells  pressed  closely  together,  and  which  often  inclose  Cholesterin.  The  prin- 
cipal localities  in  which  these  peculiar  formations  are  found  are  the  descending  urinary 
passages,  the  cavities  of  the  middle  ear,  the  pi  a  of  the  brain,  and  very  rarely  that  of  ihe 
spinal  cord. 

Pathological  cornificatious,  accompanied  by  the  formation  of  glistening  white  scales 
and  the  so-called  pearls,  occur  in  the  laünanj  passages  in  the  course  of  chronic  inflam- 
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Fig.  289.— Papillary  epithelioma  of  the  urinary  bladder.    (Alcohol;  haematoxylin :  eosia.)    Magnified  35 

diameters. 

mations.  Cholesteatomata  are  found  in  the  tympanic  cavity,  in  the  mastoid  antrum,  and 
in  the  external  auditory  meatus  in  the  form  of  yellowish-white  or  bluish-white  spherical 
masses,  with  concentric  layers  like  an  onion,  and  varying  in  size  from  that  of  a  cherry 
pit  to  that  of  an  egg.  In  these  situations  they  may.  by  pressure  upon  the  neighboring 
bone,  cause  it  to  disappear.  Such  cholesteatomata  owe  their  origin  to  the  proliferation 
of  flat  epithelium  which  has  penetrated  from  the  outer  ear,  through  defects  in  the  mem- 
brana  tympani,  into  the  spaces  of  the  middle  ear  :  in  which  localities  they  replace  the  cylin- 
drical epithelium  and.  under  special  conditions  (chronic  inflammations),  they  form  the 
spherical  masses  referred  to  above.  They  probably,  in  rare  instances,  also  develop  from 
epidermoidal  cells  which,  during  the  period  of  embryonic  life,  have  found  their  way 
into  the  cavities  in  question. 

The  intracranial  cholesteatomata  are  situated  at  the  base  of  the  brain  (seldom  in  the 
vertebral  canal),  in  the  vicinity  of  the  lobus  olfactorius,  tuber  cinereum.  coi-pus  cal- 
losum,  plexus  choroides,  pons,  medulla  oblongata,  and  cerebellum,  in  which  localities 
they  form  on  the  surface  shining  silky  nodules  of  varying  sizes,  that  extend  to  a  greater 
or  less  distance  into  the  substance  of  the  brain.  The  nodules  are  single,  but  masses  of 
cholesteatomata  may  become  separated  from  the  chief  nodule  and  push  their  way  into 
the  neighboring  tissues.  According  to  Bostroem  it  is  always  possible  to  demonstrate, 
at  any  point  that  may  be  selected,  the  connection  between  the  pia  and  the  cholesteatoma  ; 
the  nature  of  this  connection  being  such  that  one  can  see  how  the  scales  of  which  the 
cholesteatoma  is  composed  originate  from  a  stratum  of  cells  that  rest  upon  vascular  con- 
nective tissue,  and  how,  furthermore,  these  latter  cells  present  all  the  characteristics  of 
epidermoidal  cells.  The  cholesteatomata  of  the  pia  may  therefore  be  called  epitheliomata 
or  epidermoids  (Bostroem),  and  their  development  may  be  explained  by  the  assumption 
that  displaced  epidermis  germs  have  found  their  way  into  the  pial  layer  at  some  time 
during  early  embryonal  life.  According  to  Bostroem  this  event  occurs  after  the  closure 
of  the  medullary  canal  and  before  the  separation  (by  a  process  of  constriction)  of  the 
secondary  from  the  primary  vesicle  of  the  fore-brain  or  from  the  vesicle  of  the  mid-brain  ; 
or — to  state  the  case  in  somewhat  different  terms — it  occurs  between  the  closure  of  the 
medullary  canal  and  the  separation  of  the  hind-brain  vesicle  from  that  of  the  cerebellum. 
We  may  therefore  place  the  time  of  the  occurrence  of  this  event  in  the  fourth  or  the  fifth 
week  of  intra-uterine  life.  These  epidermoids  may  accordingly  be  classified  as  belong- 
ing to  the  teratoid  tumors  (q.  v.). 
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§  126.  Adenomata  are  usually  nodular  tumors.  They  possess 
sharpl}^  defined  boundaries  and  are  commonly  seated  either  in  the 
midst  of  a  gland,  or  in  the  skin,  or  in  a  mucous  membrane.  In  the  last- 
named  situation  they  quite  often  protrude  from  the  surface  in  the  form 
of  a  polyi:)us.  The  absence  of  any  tendency  to  grow  as  it  were  by  filtra- 
tion or  to  produce  metastases  justifies  us  in  considering  adenomata  as 
benign  tumors. 

One  of  the  characteristics  of  an  adenoma  is  its  power  to  reproduce  a 
tissue  which  resembles  the  glandular  tissue  of  the  parent  organ  more 
or  less  closely.  The  tissues  thus  reproduced  imitate  either  the  tubular 
or  the  acinous  type  of  glaud,  and  yet  these  two  forms  are  not  sharply 
separated,  the  one  from  the  other.  Paioillary  adenomata  owe  their  ori- 
gin to  the  formation  of  papillary  excrescences  on  the  internal  surface  of 
the  glandular  tubes. 

The  stroma  which  supports  the  gland  is  composed  in  part  of  pre- 
existing connective  tissue,  in  part  of  that  which  has  been  newly  formed. 

Adenomata  develop  in  either  normal  tissues,  in  malformed  tissues,  in 
tissues  ivliich  have  been  altered  by  disease  (inflamed  mucous  membranes, 
cirrhotic  livers,  contracted  kidneys),  or  in  the  remains  0/ foetal  'structures 
(Wolffian  bodies,  canalis  neurentericus,  remains  of  fusion-germs).  The 
material  for  the  new  gland  structure  is  furnished  by  the  proliferation  of 
the  epithelium  of  the  old  gland,  the  steps  of  the  process  being  quite  like 
those  w^hich  occur  in  the  regeneration  of  normal  gland  tissue.  The  rea- 
son why  new  gland  formation  takes  place  in  normal  organs  is  beyond 
human  ken.  Glandular  new  formations  that  develop  in  tissues  which 
have  been  altered  by  inflammation,  and  that  ultimately  assume  many 
of  the  characteristics  of  tumors,  may  at  first  present  the  features  of  a 
regenerative  or  hyperplastic  new  growth ;  and  on  this  account  the  adeno- 
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Fig.  290.— Adenoma  tubuläre  (g;aadular  polyp)  of  the  iniestine.    (Alcohol ;  alum  carmine.)    a.  Transverse 
sections,  h,  longitudinal  sectictns,  of  gland-tubules  ;  c,  stroma,  rich  in  cells.    Magnified  100  diameters. 

mata  cannot  be  sharply  differentiated  from  regenerative  and  hyperplastic 
growths. 

Tubular  adenomata  represent  the  commonest  variety  of  adenomata. 
They  occur  especially  in  mucous  membranes  (Fig.  290)  which  are  pro- 
vided with  slender  tube-like  glands  (intestine,  uterus),  but  they  are  also 
often  found  in  such  glands  as  the  breast  (Fig.  291),  the  liver,  the  ovary, 
and  the  kidney.     These  tumors,  which  vary  in  size  from  that  of  a  pea 
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to  that  of  a  man's  fist  (they  rarely  exceed  this),  are  characterized  by  the 
fact  that  they  develop  simple  or  branching  gland  tubules  (Fig.  290,  o,  h, 


Fig.  291.— Tubular  adenoma  of  the  breast.    (Alcohol:  alum  carmine.)    a.  Branching  and  dilated  glandular 
ducts,  cut  longitudinally ;  b,  the  same,  cut  transversely ;  c,  stroma.    Magnified  30  diameters. 

and  Fig.  291,  a,  h)  which  are  lined  with  a  cylindrical  or  cubical  epithe- 
lium. 

Alveolar  adenomata  develop  in  glands  (mamma,  ovary,  thyroid 
gland,  sebaceous  glands) ,  and  are  characterized  by  the  formation  of  nu- 
merous terminal  berrv-like  alveoli  (Fig.  292,  a)  as  well  as  gland  tubules 

(&). 

A  papillary  adenoma  owes  its  origin  to  the  circumstance  that  at 
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Fig.  292. — Alveolar  adenuma  of  the  breast,    a.  Terminal  alveoli  of  gland ;  u,  ducLS  of  gland ;  c,  connective- 
tissue  stroma.    (Alcohol ;  alum  carmine.)    Magnified  30  diameters. 


different  points  in  the  tubules  of  an  adenoma  the  epithelium  multiplies 
and  forms  little  elevations,  into  each  of  which  a  papilla  of  connective 
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tissue  grows.     Excrescences  of  this  nature  may  multiply  to  such  an  ex- 
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I  IG.  293.— Adenoma  tubuläre  papilliferum  of  the  kidney,  a.  Connective-tissue  stroma ;  &,  glandular 
tubules  with  diverticula ;  c,  tubules  with  markedly  developed  papillary  excrescences.  (Müller's  fluid:  haema- 
toxylin.)    Magnified  30  diameters. 

tent  as  to  fill  the  gland  tubules,  sometimes  even  to  the  point  of  stretch- 
ing them  (Fig.  293,  h,c). 

The  stroma  of  an  adenoma  is  sometimes  slight,  sometimes  strongly 
developed,  and  consequently  adenomata  may  be  divided  into  a  hard  va- 
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Fig.  294.— Intracanalicular  fibroma  of  the  breast  (adenoma  papilliferum).  (Alcohol ;  alum  carmine.) 
o.  Dense  fibrous  tissue  lying  between  the  canals ;  h,  pericanalicular  tissue,  rich  in  cells ;  c.  rt,  i\  nodulai-  ni- 
traeanalicular  growths,  cut  longitudinally ;  /,  intracanalicular  growths,  cut  transversely.  Magmfled  Äj 
diameters. 
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riety  (mammary  gland)  and  a  soft  variety  (kidney,  liver,  ovary,  testicle). 
If  the  connective  tissue  is  i)articularly  well  developed,  the  term  fibro= 
adenoma,  or  fibrous  adenoma,  may  ajjprojjriately  be  employed.  The 
mammary  gland  is  the  favorite  seat  of  such  a  fibro-adenoma. 

If — as  happens  rather  often  in  the  mammary  gland — the  growth  of 
connective  tissue  in  an  adenoma  does  not  take  place  in  a  diffuse  man- 
ner, but  remains  confined  to  the  immediate  vicinitj'  of  the  canaliculi  (cf. 
Fig.  227),  the  tumor  is  commonly  termed  a  fibroma  perica iialiridare ; 
and  when,  under  the  impulse  of  a  more  active  growth  at  certain  points, 
the  connective  tissue  advances  into  the  interior  of  the  glandular  spaces 
in  the  form  of  rather  broad  and  short  papillae  (e),  it  is  proper  to  name 
the  tumor  in  which  this  phenomenon  has  occurred  a  fibroma  intraca= 
naliculare  (Fig.  294,  c,  d,  e).  It  is  also  permissible,  in  accordance  with 
its  mode  of  origin,  to  apply  to  such  a  tumor  th^  term  fibro=adenoma 
papilliferum. 

Adenomata  cannot  be  sharply  differentiated  from  tumor-like  lij'pertrophies  of  the 
glands  on  the  one  hand,  nor  from  carcinomata  on  the  other.  For  example,  if,  after  the 
healing  of  an  ulceration  in  the  intestine,  the  regenerative  processes  in  the  glands  are  so 
active  that  polypoid  mass^es  are  formed,  they  may  be  called  either  gr/awduZar  hypertro])hies 
of  the  mucous  membrane  or  adenomata,  according  to  the  conception  which  one  has  of 
the  word  tumor.  In  the  same  way  different  names  may  be  applied  to  the  glandular 
polyps  which  occur  so  often  in  the  uterus. 

The  carcinomatous  nature  of  a  growth  which  resembles  an  adenoma  (of.  §  120)  is 
generally  shown  by  the  more  marked  epithelial  proliferation  and  by  its  infiltrative  mode 
of  growth.  There  are,  however,  adenomata  which  are  covered  with  a  single  layer  of 
cylindrical  epithelium  and  which  show  this  same  infiltrative  manner  of  growing  (espe- 
cially in  the  intestine).  Such  growths  have  assumed  a  malignant  character,  and  they  must 
therefore  be  counted  among  the  carcinomata.  They  should  be  called  either  destructive 
adenomata,  or  adenocarcinomata.  On  the  other  hand,  there  are  also  adenomata  which 
manifest  a  markedly  atypical  growth  of  their  epithelial  elements,  and  which — for  at  least 
a  long  time — do  not  show  any  malignant  characteristics.  Adenomata  of  this  nature  are 
encountered  in  the  mammaVy  gland  and  in  the  mucous  membrane  of  the  uterus. 

§  127.  A  cystadenoma  or  adenocystoma  is  an  adenoma  luliose  gland- 
idar  canals  are  dilated  by  the  presence  of  accumulated,  secretion.     As  such 

cumors  are  almost  always  com- 
posed mainly  of  numerous  cysts, 
they  are  also  called  multilocular 
cystomata.  According  to  the 
character  of  the  walls  of  the 
cysts,  the  tumor  may  be  either  a 
smootli-icalled  or  simple  cystoma 
{cystoma  simplex),  or  a  papillary 
cystoma  {cystoma  joapilliferum) . 

Smaller  quantities  of  secre- 
tion can  often  be  made  out  in 
ordinary  adenomata  (Fig.  290), 
and  the  interstices  in  both  sim- 
ple and  papillary  adenomata 
(Fig.  291,  a,  Fig.  294)  may  be 
so  wide  that  they  at  once  attract 
attention  in  a  cross  section  of 
the  growth.  In  cystadenomata 
this  cyst  formation  is  the  strik- 
ing thing  about  the  picture. 
The  predecessors  of  the  cysts  are  gland  tubules  of  various  shapes 
(Fig.  295  and  Fig.  296,  b),  which  lie  in  a  more  or  less  richly  developed 
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Fig.  295.— Section  of  ; 
ovary.  (MüUer's  fluid; 
diameters. 


papillary  cystadenoma  of  the 
hsematoxylin.)     Magnified  40 
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connective-tissue  stroma.     Tlirongli  the  accumulation  of  secretion  these 
tubules  are  gradually  dilated,  and  in  consequence  numerous  small  cysts 


Fig.  296.— Adenocystoma  of  the  gall-ducts,  In  the  first  stages  of  development.    (Alcohol ;  hsematoxylin.) 
a,  Liver  tissue ;  ö,  adenoma  tissue  in  the  midst  of  the  periportal  connective  tissue.    Magnified  100  diameters. 

(Fig.   297),  or    else  cysts    both  large  and  small  (Figs.   298-301),  are 
formed.     The  relations  of  these  are  often  such  that  the  tumor  may  con- 
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Fig.  298. 


Pig.  297.— Portion  of  a  section  of  a  multilocular  adenocystoma  of  the  ovary.     Reduced  about  one- 
sixth  in  size. 

Fig.  398.— Section  through  an  adenocystoma  of  the  testicle  of  a  four-year-old  boy.    (Life  size.) 
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sist  of  a  few  large  cysts  (Fig.  301)  in  whose  walls  little  cysts  are  located; 
or  there  will  be  found,  by  the  side  of  large  cysts  (Fig.  299,  c),  masses  of 
tissue  which   contain    only  very  small  cysts   (e)   or  even  appear  solid 


Fig.  299.— Multilocular  adenocystoma  of  the  liver,  seen  in  section,  a.  Parenchyma  of  the  liver ;  /»,  mem- 
branous margin  of  the  left  lobe ;  c,  d,  two  of  the  larger  cysts :  e,  group  of  smaller  cysts,  separated  from  one 
another  only  by  connective  tissue  ;  /,  portal  vein ;  gf,  hepatic  artery.    (Two-thirds  life  size.) 

— that  is,  they  are  composed  of  a  tissue  containing  only  undilated 
glands. 

All  the  different  tvpes  of  cvstomata  mav  be  found  in  the  ovaries 
(Fig.  297  and  Fig.  301),  the  testicles  (Fig.  298),  the  liver  (Fig.  299),  the 
kidneys  (Fig.  300),  and  the  mammary  glands. 

Cystomata  not  infrequently  develop  in  both  ovaries  at  the  same 
time,  and  maj'  be  associated  with  dermoid  formations.  Adenocystoma- 
ta  of  the  testicle  often  have  foci  of  cartilage  or  other  kinds  of  tissue  in 
their  stroma;  and  when  this  is  found  to  be  the  fact,  these  tumors  must 
be  counted  with  the  teraiomata  (^  136). 

The  ejjitheUal  lining  is  usually  composed  of  simple  cylindrical  epi- 
thelium, but  the  latter  may  be  ciliated  or  cubical  or  squamous. 

The  contents  of  the  cysts  usually  consist  of  a  clear,  often  distinctly 
ropy  fluid,  which  contains  a  substance  like  mucin  (pseudomucin;  cf. 
§  63).  This  substance  is  a  product  of  the  epithelial  lining,  and  in  it 
beaker-cells  (Fig.  303,  c)  are  often  found.  The  fluid  also  often  contains 
whitish  flakes,  products  of  fatty-degenerated  cells,  or  it  may  be  cloudy 
or  more  or  less  reddish  or  brownish  in  color  from  previous  hemorrhages. 
When  the  cysts  are  numerous  and  they  all  contain  an  abundant  secre- 
tion, the  tumor  may  attain  enormous  proportions.  In  the  ovary,  for 
example,  such  tumors  may  reach  a  weight  of  from  10  to  20  kgm.,  cr 
even  more. 

The  papillary  adenocystomata  constitute  a  common  variety  of  ade- 
nocystomata.     They  are  characterized  by  the  fact  that  sooner  or  later 
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papillary  excrescences  develop  in  the  glands  which  have  undergone  cys- 
tic dilatation. 

In  the  adeuocystomata  of  the  ovary  these  excrescences  are  nsually 
slender  and  delicate,  presenting — when  seen  en  masse — a  villous  appear- 
ance ;  or  they  may  occur  in  the  form  of  cauliflower-like  elevations  which 
fill,  to  a  large  or  a  small  extent,  the  cysts.  (Both  forms  are  shown  in 
Fig.  302.)  Minute  papillary  elevations,  which  occupy  an  extensive  sur- 
face, may  give  to  the  inner  lining  of  the  cyst  a  velvety  character  similar 
to  that  of  a  mucous  membrane.  If  the  excrescences  develop  in  the 
smallest  c^-sts,  completely  filling  their  cavities,  the  whole  tissue  may 
again  present  the  appearance  of  a  dense,  non-cystic,  medullary  tumor, 
but  it  is  almost  always  possible  to  obtain  a  greater  or  less  quantity  of 
mucus  from  the  cut  surface. 

The  larger  papillae  are  always  more  or  less  branched  (Fig.  303),  and 
are  made  uj)  of  a  stroma  rich  in  cells  («).  They  are  generally  covered 
with  tall  cylindrical  cells  (c),  which  possess  a  strong  resemblance  to 
beaker  cells.  The  contents  of  the  cysts  consist  of  a  ropy  mucus  (d) 
which  contains  a  larger  or  smaller  number  of  cast-off  epithelial  cells, 
that  have  usually  undergone  mucoid  degeneration,  or  the  remains  of 
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Fig.  300.— Cystoma  of  the  kidney,  in  section.    (Eleven-fourteenths  life  size.) 


such  cells.  In  rare  cases  the  connective  tissue  of  the  papillne  undergoes- 
mucoid  degeneration  (Fig.  304,  a,  b).  When  this  takes  place  it  is  apt  to 
swell  up  to  a  remarkable  degree,  and  eventually  to  become  converted 
into  a  ball  of  mucus,  which  is  confined  within  an  envelope  of  epithelium. 
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In  adenocystomataof  theliver,  the  testicle,  and  the  kidney,  pajjillary 
excrescences  are  either  wanting  altogether  or  else  they  are  very  smalL 


Fig.  301.— Adenocystoma  of  the  ovary  —partly  of  the  simple  variety,  partly  of  a  papillary  character,  a, 
Smooth-vi'alled  cysts ;  i»,  papillary  growth  which  has  broken  through  a  cyst- wall.  (It  is  soft  and  covered  with 
the  ordinary  cylindrical  epithelium  of  mucous  membranes.)  There  were,  in  this  case,  metastatic  nodules  in 
the  peritoneum.     (.Reduced  by  about  one-third.) 

In  the  papillary  adenocystomata  of  the  mammary  gland  the  excrescences 
are  usually  thick  and  plump  (Fig.  305) ,  as  is  generally  also  the  case  with 
the  papillary  adenomata  (Fig.  294).     Accordingly  in  cross  sections  one 


«^ 


Fig.  302.  -Portion  of  a  papillary  adenocystoma  of  the  ovary,  seen  in  section.    (Drawn  from  a  specimen  har- 
dened in  chrumic  acid.)    Föur-üfths  life-size. 
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finds  the  cjstic  spaces  filled  with  x^ol^  poid  growths  of  the  greatest  variety 


ri^^-: 
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Fig.  ;^3.— Papillary  cystoma  of  the  ovary.  (Müller's  fluid  ;  haematoxylin  ;  eosin.)  a,  Stroma  ^vlth  pa- 
pillae ;  7>,  gland-tube  with  small  papillas ;  c,  tall  cylindrical  epithelium  which  lines  the  cyst-ca\ities  and 
covers  the  papilla2  ;  d,  mucus  filled  with  cells,  in  the  interior  of  the  cysts.    Magnified  150  diameters. 

of  shapes  (Fig.  305),  and  often  flattened  through  mutual  pressure,  so  that 
the  surface  of  such  a  cross  section  looks  like  the  cut  surface  of  a  cabbage. 


Papillary  adenocystoma  of  the  ovary,  with  m 
,IüUer's 'fluid ;  haematoxylin.)    o.  Fibrous  sti 
matous  degeneration ;  c,  epithelium.    Magnified  80  diameters. 


Fig.  304.— Papillary  adenocystoma  of  the  ovary,  with  myxomatous  degeneration  of  the  connective  tissue 
of  the  viUi.    (MüUer's  'fluid;  haematoxylin.)    o.  Fibrous  stroma;  b,  papilla)  which  have  undergone  myxo- 
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As  the  connective-tissue  portions  of  these  tumors  preponderate  over 
the  epithelial  portions,  many  authorities  include  them  among  the  con- 
nective-tissue tumors ;  and,  according  to  the  characteristics  of  the  con- 
nective tissue,  they  have  received  such  specific  names  as  q/stqfibromata, 


Fig.  305.~Papillary  cystoma  or  iutrdcanaliciilar  papillary  übroraa  of  the  breast,  laid  oi)en  by  a  longitudinal 

incision.    (One-half  Life  si2e.) 

cysfomyxomata,  and  cystosarcomata.     ^Tien  the   tumor  is  made  \\y>  of 
leaf-like  layers,  it  has  been  designated  as  a  sarcoma  phyllodes. 

The  papillary  adenocystomata  show  a  certain  malignancy  even  when 
the  papillae  are  clothed  with  simple  epithelium  (cf.  Cystocarcinomata). 
This  tendency  shows  itself,  for  example,  in  the  circumstance  that  the 
papillär}'  growths  break  through  the  cyst  wall,  both  when  the  tumor  in- 
volves the  ovary  and  when  it  has  its  seat  in  the  mammary  gland — in 
which  location  it  may  also  break  through  the  overlying  skin.  Papillary 
cystomata  of  the  ovaries  (Fig.  301,  h)  may  thus  give  rise  to  metastases 
in  the  peritoneal  cavity,  and  these  in  their  turn  may  display  the  charac- 
teristics of  papillary  epitheliomata. 


The  adenocystomata  must  also  be  ranked  as  a  variety  of  tumor  which  possesses  no 
sharply  defined  limits.  Thus,  for  example,  papillary  cystomata  may  also  arise  from  the 
development  of  papillary  excrescences  in  dilatation  cysts  which  are  formed  from  pre- 
existing glands  (cf.  §  125).  Malformations  of  the  organs  (e.g..  of  the  kidneys)  may  lead 
to  the  development  of  multilocular  cystomata.  the  cystic  dilatation  affecting  not  only  the 
urinary  tubules,  but  also  Müller 's  capsules.  It  has  already  been  mentioned  that  terato- 
mata  may  occur  under  the  form  of  adenocystomata.  Finally,  there  is  also  an  inter- 
mediate form  between  cystadenoma  and"  cystocarcinoma. 
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(c)  Carcinomata  and  Cystocarcinomata. 

§  128.  Carcinomata^  are  malignant  epithelial  tumors  which,  possess 
two  special  characteristics,  viz. ,  they  grow  by  a  sort  of  infiltrative  process 
and  they  are  apt  to  form  metastases. 

They  develop  :— 

(1)  In  the  skin,  in  mucous  membranes,  and  in  glands,  all  of  which 
organs  appeared  to  be  normal  before  the  carcinoma  developed  in  them. 

(2)  In  the  skin,  in  mucous  membranes,  and  in  glands,  which  had 
undergone  pathological  changes  before  the  carcinoma  developed  in  them. 

(3)  In  already  existing  papillary  epitheliomata,  adenomata,  and  ade- 
nocystomata. 

(4)  From  the  remains  of  epithelial  foetal  structures  and  from  epithe- 
lial tissues  which  have  been  displaced  by  disturbances  of  development 
and  are  already  predisposed  to  become  the  seat  of  some  pathological 
new  growth. 

(5)  From  the  epithelial  tissues  of  the  villi  of  the  chorion  and  placenta. 
The  most  characteristic  feature  in  the  development  of  a  carcinoma  is 

the  atypical  manner  in  which  the  epithelium  sooner  or  later  forces  its 
way  into  the  tissues  which  border  upon  the  affected  glands  or  the 
surface  epithelium.  Usually  this  growth  of  epithelium  is  accompanied 
by  a  growth  of  connective  tissue,  but  this  is  not  absolutely  essential  to 
the  development  of  a  carcinoma.  The  tissue  invaded  by  the  epithelial 
growth — it  matters  not  whether  it  be  a  gland,  a  muscle,  a  bone,  or  any 
other  tissue — will  ultimately  be  destroyed  by  the  carcinoma. 

The  cause  of  the  atypical  growth  of  epithelium  is  not  really  known. 
It  is  merely  possible  to  state  that  certain  conditions  predispose  to  such 
growth.  Thus,  for  example,  an  advanced  age  predisposes  to  the  devel- 
opment of  carcinomata  of  the  skin.  In  this  period  of  life  the  connective 
tissue  of  the  skin  undergoes  a  certain  amount  of  atrophy  and  loss  of 
firmness  of  texture,  while  the  epithelium,  at  least  in  part,  continues  to 
increase,  and  here  and  there,  under  certain  circumstances,  shows  evi- 
dences of  an  increased  activity  (development  of  heavier  hairs  upon  the 
nasal  septum,  upon  the  lobes  of  the  ears,  and  in  the  eyebrows).  Then 
again,  carcinomata  of  the  mucous  membranes  and  of  the  glands  usually 
appear  in  mature  years,  although  they  may  develop  in  early  adm«;  life, 
and  even  in  childhood. 

Another  predisposing  factor  in  the  formation  of  cancer  is  furnished 
hy  the  displacement  and  separation  of  epithelium,  as  easily  happens  in  the 
healing  of  ulcers  (cf .  Fig.  152) ,  and  also  in  infectious  or  non-infectious 
granulation  growths ;  in  both  of  which  the  epithelium  penetrates  into 
the  interior  not  only  from  the  margin  of  the  granulations,  but  also  from 
any  point  upon  their  surface.  Consequently,  carcinomata  often  devel- 
op in  ulcers,  in  scars,  in  infectious  granulations  (e.g.,  in  tuberculous  lupus 
of  the  skin  and  mucous  membranes),  or  in  tissues  luhich  have  been 
changed  by  inflammation  of  any  kind. 

All  the  predisposing  factors  which  have  been  enumerated  do  not  con- 
stitute the  sole  cause  of  the  development  of  a  carcinoma.  They  may 
exist  for  a  long  time  without  ever  leading  to  the  formation  of  a  cancer. 
It  appears,  therefore,  that  something  else  must  be  added  before  the  un- 
limited atypical  growth  of  epithelium  begins,  and  what  this  something 
is,  is  not  known. 

In  recent  years,  the  opinion  has  often  been  expressed  and  stoutly 
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maintained  tliat  parasites  cause  the  growth  of  a  carcinoma.  Unfortu- 
nately, most  of  those  things  which  have  been  described  as  jjarasites 
(viz.,  protozoa,  and  especial!}^  the  sporozoa  and  the  yeast  fungi)  have 
not  been  parasites  at  all,  but  degenerated  nuclei  and  karyokinetic  fig- 
ures, or  leucocytes  (or  the  products  of  their  destruction)  which  have 
been  included  in  tumor  cells,  or  products  of  the  cell-protoplasm,  espe- 
cially keratohyalin  and  colloid. 

In  the  few  cases  in  which  genuine  parasites  have  been  found  in  the 
tissues,  they  may  perfectly  well  have  entered  after  the  tumor  had  begun 
to  develop.  Under  such  circumstances  they  can  in  no  sense  be  looked 
upon  as  the  cause  of  the  development  of  the  carcinoma. 

There  are  certain  portions  of  the  alimentary  canal  which  are  more 
frequently  involved  in  the  development  of  carcinoma.  Such  are  the 
rectum,  the  flexures  of  the  colon,  the  pyloric  and  cardiac  openings  of 
the  stomach,  the  oesophagus,  the  pharynx,  the  tongue,  and  the  gums. 
A  carcinoma  may  develop  in  any  portion  of  the  skin,  but  it  is  seen  more 
frequently  on  the  lips  and  the  nose  than  it  is  on  the  remaining  portions 
of  the  face,  or  on  the  extremities,  and  more  freciuenth^  on  these  again 
than  it  is  on  the  body.  The  parts  of  the  sexual  apparatus  most  often 
affected  are  the  mammary  gland  and  the  cervical  i)ortion  of  the  uterus. 
Less  frequently,  though  still  often  enough,  the  ovaries,  testicles,  body 
of  the  uterus,  vulva,  vagina,  and  penis  are  affected.  The  liver,  kidneys, 
urinary  bladder,  trachea,  bronchi,  lungs,  and  pancreas  occupy  a  middle 
ground ;  while  the  larynx  and  the  gall-bladder,  on  the  other  hand,  are 
more  frequently  attacked. 

Cancer  usually  develops  in  the  form  of  nochdes,  ichich  are  not  sharply 
differentiated  from  their  surroundings,  and  which  often  rise  above  the  sur- 
face of  the  mucous  membrane  as  sponge-like,  or  polypoid,  or  papillary 
masses.  They  spread  from  the  point  at  which  they  begin  to  develop  by 
an  infiltrative  sort  of  growth  of  the  epithelium,  by  which  either  the 
nodules  are  increased  in  size,  or  else  an  extensive  thickening  of  the 
affected  organ  (the  intestinal  wall,  for  example)  results.  The  ovaries, 
testicles,  uterus,  kidneys,  etc.,  may  be  partly  or  wholly  transformed 
into  a  carcinomatous  mass.  The  epithelial  infiltration,  as  it  advances, 
may  pass  beyond  the  limits  of  the  organ  originall\'  affected,  and  may 
involve  the  neighboring  tissues  and  organs.  Thus,  for  example,  the 
iufiltration  may  extend  from  the  mammary  gland  to  the  contiguous  fat 
and  skin  and  muscle,  from  the  gums  to  the  maxillary"  bone,  from  the 
uterus  to  the  vagina  and  the  parametrium,  as  well  as  to  the  bladder  and 
the  rectum,  from  the  gall-bladder  to  the  liver,  from  the  bronchi  to  the 
lungs,  etc. 

The  formation  of  metastases  may  take  place  as  well  through  the 
lymph-  as  through  the  blood-channels,  and  is  of  frequent  occurrence  by 
both  routes.  It  leads,  for  the  most  part,  to  the  formation  of  secondary 
nodules  in  the  various  organs,  but  it  may  assume  such  a  character  that 
quite  large  portions  of  the  system  of  lymph-vessels — as,  for  example, 
the  pulmonary  lymph-vessels — maj^  be  simply  dilated  by  the  new 
growth,  without  the  formation  of  separate  nodules.  The  transportation 
of  cancerous  germs  to  the  marrow  of  bones  may  result  in  the  cancerous 
degeneration  of  the  marrow  of  an  entire  bone  or  of  several  related  bones. 
It  is  also  to  be  noted  that  probably  not  every  transplantation  of  cancer 
colls  leads  to  the  formation  of  a  cancerous  growth.  There  are  grounds 
for  the  belief  that  in  the  majority  of  instances  the  cells  which  are  thus 
transplanted  perish. 
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The  tissue  of  a  carcinomatous  tumor  is  sometimes  soft  like  marrow, 
sometimes  rather  tough  and  solid;  but  it  is  almost  always  possible  to 
scrape  from  its  cut  surface  a  certain  amount  of  whitish,  opaque  fluid 
called  cancer  juice  or  cancer  railk.  It  is  often  possible  to  make  out,  on 
the  cut  surface,  a  tough  fibrous  framework,  in  the  meshes  of  which  the 
softer  masses  lie,  and  from  which  they  can  often  be  squeezed  by  press- 
ure, either  in  the  form  of  fluid,  or  as  plugs,  or  as  a  crumbling  material. 

The  masses  obtained  by  pressure  and  by  scraping  the  cut  surface  are 
made  up,  for  the  most  part,  of  the  atypically  developed  epithelial  cells, 
the  so-called  cancer  cells,  which  are  found  in  a  cjreat  variety  of  forms  and 
which  often  show  degenerative  changes,  especially  fatty  degeneration. 
There  is  usually  no  true  secretion  emanating  from  the  epithelial  cells, 
and  yet  one  sometimes  encounters  in  the  mucous  membranes,  in  the  ova- 
ries, and  in  the  mammary  glands,  carcinoraata  which  produce  mucin  or 
pseudo-mucin ;  and  the  amount  of  the  secretion  thus  produced  may  be 
great  enough  to  form  cysts,  thus  justifying  the  employment  of  the  term 
cystocarcinoma. 

Retrograde  changes  occur  very  often  in  cancers  at  an  early  stage, 
and  are  due  partly  to  the  lack  of  vitality  of  the  new  growth  and  partly 
to  disturbances  of  the  circulation,  which  may  be  caused  either  by  the 
growth  of  cancer  cells  into  the  capillaries  and  veins  or  by  external  influ- 
ences. These  changes  lead,  in  the  first  place,  to  a  breaking  doion  of  the 
cancer  cells  in  certain  parts  of  the  tumor,  and  then,  after  the  broken- 
down  material  has  been  gotten  rid  of  through  absorption,  a  certain 
amount  of  shrinking  of  the  tissues  will  take  place  at  the  corresponding 
spots.  Depressions  will  thus  be  formed  between  the  nodules.  Such 
retracted  areas  are  seen  quite  frequently  in  the  primary  nodules  of  the 
mammary  gland  and  in  the  secondary  nodules  of  the  liver,  lungs,  and  other 
internal  organs.     They  have  received  the  name  of  cancer- mnhilications. 

The  retrograde  changes  often  lead  to  a  complete  destruction  of  the 
cancerous  tissue  and  the  formation  of  an  ulcer.  This  is  observed  more 
particularly  in  cases  in  which  a  mucous  membrane  is  the  part  afi'ected; 
a  carcinoma  in  this  locality  usually  revealing  itself,  at  the  time  of  the 
patient's  death,  in  the  form  of  an  ulcer  of  greater  or  less  extent.  Simi- 
lar ulcerative  changes  also  occur  in  cancers  of  the  mammary  gland  and 
of  the  external  skin.  In  the  latter  situation,  the  cancer  may  present  the 
appearance  of  a  progressing,  corrosive  ulcer,  an  ulcus  rodens.  The 
border  of  such  an  ulcer  is  sometimes  raised  up  like  a  wall  or  studded 
with  nodules,  while  at  other  times  it  is  sharply  defined  and  only  slightly 
infiltrated.  The  base  is  sometimes  fissured  and  ragged,  and  covered 
with  necrotic  tissue,  while  at  other  times  it  is  smooth. 

The  deeper  tissues  which  border  upon  the  ulcer  are  often  abnormally 
hard,  this  change  being  due  either  to  a  cancerous  infiltration  or  to  a 
growth  of  connective  tissue  which  has  taken  place  as  a  sequel  to  the 
retrograde  changes  and  the  ulceration. 

In  recent  years  a  large  number  of  articles  have  been  published  by  authors  who  have 
attempted  to  prove  (successfully,  as  some  of  them  have  thought)  that  the  formation  of  a 
cancer  is  due  to  parasites.  Nevertheless,  none  of  these  treatises  can  be  looked  upon  as 
furnishing  satisfactory  proof  of  the  correctness  of  this  hypothesis.  Then,  besides,  it  is 
extremely  improbable  that  cancers  ov^e  their  origin  to  infection.  There  are  three  facts 
which  militate  against  the  idea  of  a  parasitic  origin  for  these  tumors  :  first,  no  parasites 
can  be  demonstrated  in  the  beginning  of  the  cancer's  development ;  second,  the  whole 
course  of  the  disease  is  quite  different  from  that  of  an  epithelial  growth  produced  by 
parasites ;  and  third,  the  formation  of  metastatic  tumors  is  due,  beyond  all  question,  to 
the  transportation  of  cancer  cells. 


370 


CARCINOMATA. 


g  129.  Cancer  of  the  skin  usually  develops  from  the  epidermis,  and 
is  characterized  by  the  growth  of  the  interpapillary  portions  of  the 
same  into  the  deeper  parts  of  the  chorion  in  the  form  of  epithelial  cones 
(Fig.  306,  d )  which  fill  up  the  interstices  of  the  connective  tissue.     The 
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Fig.  306.— Transverse  section  türough  a  carcinoma  of  the  lip.  (Alcohol ;  haeraatoxylin ;  eosin.)  a, 
Corium,  in  a  proliferating  condition ;  &,  epithelium  ;  c,  thickened  horny  layer ;  d,  epithelial  pings  extending 
down  into  the  corium ;  e,  epithelial  plug  cut  obliquely  and  showing  a  pearl  of  homy  substance  •  /,  enlarged 
papillae  of  the  skin.    Magnified  13  diameters. 

stratum  corneum  (c)  may  also  undergo  hypertrophy  along  with  the  cells 
of  the  rete  Malpighii,  and  penetrate  deeply  into  the  subjacent  tissues  as 
a  part  of  the  epithelial  cones  ((/ ) .  Furthermore,  the  cones  of  epithe- 
lium may  produce  horny  epithelial  i^lates  (e)  after  thej^  have  reached 
these  deeper  regions. 

The  epithelium  of  the  hair  follicles  and  the  sebaceous  glands  may  also 
take  part  in  the  formation  of  the  cancer,  and  indeed  there  are  cancers  of 
the  skin  which  develop  entirely  from  the  sebaceous  glands,  and  which 
must  therefore  be  reckoned  among  the  glandular  cancers. 

The  connective  tissue  may  remain  entirely  passive  while  the  epithe- 
lium grows  into  it,  but  sooner  or  later  it  is  excited  to  growth  (Fig.  306, 
a)  and  the  papillae  are  often  changed  to  long,  branching  structures  (/). 
Besides  iYiQ  fibroblasts,  leucocytes  are  often  found  in  the  connective  tissue, 
and  these  latter  may  make  their  way  into  the  epithelium.  They  are 
especially  abundant  after  disintegration  of  the  tissues  begins,  and  at  that 
time  the  proliferating  connective  tissue  presents  all  the  appearances  of 
inflammatory  granulation  tissue. 

The  mode  of  origin  of  a  carcinoma  that  springs  from  a  mucous 
membrane  which  is  provided  with  flattened  epithelium  may  be  the 
same  as  that  of  a  carcinoma  of  the  skin — that  is,  it  begins  as  di>  prolifera- 
tion of  the  epidermis  (Fig.  307,  a,  c).  If  glands  are  present  these  may 
take  part  in  the  cancerous  development.  It  is  a  noteworthy  fact  that, 
in  the  growth  of  such  a  cancer,  even  those  glands  which  possess  cylin- 
drical epithelium  can  furnish  epithelial  products  which  are  exactly  like 
those  of  the  epidermis.  The  epithelial  proliferation  may  at  first  ad- 
vance within  the  canaliculi  and  lead  to  a  diffuse  thickening  and  stratifi- 
cation of  the  epithelium  (Fig.  307,  /),  or  to  the  formation  of  distinct 
excrescences  (e).  Later  on,  however,  the  growing  epithelium  breaks 
into  the  connective  tissue. 

The  connective  tissue  acts  as  it  does  in  cancer  of  the  skin. 
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The  mode  of  origin  of  a  mucous=membrane  carcinoma  which  is 
made  up  of  simple  cylindrical  epithelium  is  the  following:  In  cases 
in  which  the  intestine  is  the  seat  of  the  disease  the  growth  begins  in  the 
tubular  glands  or  in  the  crypts,  in  both  of  which  localities  the  epithe- 
lium first  undergoes  an  active  proliferation  and  then  arranges  itself  in 
layers,  while  the  glands,  under  the  increasing  pressure,  undergo  dilata- 
tion (Fig.  308,  h).  At  a  later  stage  the  glands  become  changed  into 
branching,  atypically  formed  structures  {c)\  which  are  lined  with  a 
stratified  epithelium  and  grow  into  the  surrounding  tissues. 

In  comijaratively  rare  cases  newly  formed  atypical  glands,  in  the  in- 
testinal or  the  gastric  mucous  membrane,  may  take  on  an  infiltrative 
mode  of  growth  (Fig.  309,  e)  at  a  time  when  they  still  carry  a  single 
layer  of  tall  cylindrical  epithelial  cells,  and  portions  of  the  growth  bear- 
ing this  characteristic  may  be  found  not  merely  in  the  submucous  tis- 
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Fig.  307.— CommenciDg  development  oi  a  carcinoma  m  the  vaginal  portion  of  the  uterus.  (Alcohol; 
Bismarck  brown.)  a.  Epithelium ;  ö,  connective  tissue ;  c,  surface  epithelium  growing  down  into  the  deeper- 
lying  tissues  ;  d,  dilated  gland  ;  e,  epithelium  of  a  gland  growing  out  in  the  form  of  plugs ;  /,  transverse  sec- 
tion of  a  gland,  the  cylindrical  epithelium  of  which  has  become  converted  into  laminated  epithelial  scales. 
Magnified  45  diameters. 

sues  (Fig.  309,  h),  but  also  in  the  muscular  layer  (c)  and  even  in  the 
serosa  {d). 

The  epithelial  cells  of  the  newly  formed  glands  are  usually  more 
deeply  stained  than  normal  epithelium  by  the  dyes  which  stain  nuclei. 
21 
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As  in  the  case  of  carcinoma  of  the  skin,  the  connective  tissue  sooner 


Flft  308  — ( ommcncTng  dc\el(pin(nt  of  in  ^d(  nooircindni  ff  the  1  irprt  int^ '^tult  (Mull(rs  fluid; 
haematoxylin ;  eosin.)  a,  Mucosa,  with  glandular  tubules  still  unaffected ;  6,  a  part  of  the  mucosa  where  the 
glandular  tubules  have  been  involved  in  the  carcinomatous  disease ;  c,  foci  of  carcinomatous  disease  in  the 
submucosa.    Magnified  100  diameters. 

or  later  takes  on  proliferative  action,  and  with  this  proliferation  there 
may  be  associated  an  emigration  of  leucocytes. 

The  development  of  a  cancer  in  a  gland,  e.g.,  in  the  mammary 


Fig.  309.— Section  through  the  growing  margin  of  a  carcinoma  adenomatosum  of  the  stomach.  (Alcohol ; 
hasmatoxylin.)  a.  Mucosa ;  i>,  submucosa ;  c,  muscularis ;  d,  serosa :  e,  new  growth  proceeding  from  the 
mucosa  and  infiltrating  the  other  layers.  A  round-celled  infiltration  appears  in  parts  in  conjunction  with  the 
development  of  tubules.    Magnified  15  diameters. 
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gland,  also  begins  with  a  proliferation  of  the  epithelium,  and  in  conse- 
quence of  this  proliferation  the  affected  gland  increases  in  breadth  (Fig. 
310,  a)  and  often  changes  its  form  (b),  and  at  the  same  time  its  lining 
epithelium  may  become  stratified  (6).  When  the  epithelium  breaks 
through  into  the  interstices  of  the  neighboring  connective  tissue,  an  epi- 
thelial infiltration  of  that  tissue  begins.  The  microscopical  pictures 
presented  by  the  growth  will  vary  according  to  the  structure  of  the 
gland  from  which  the  cancer  originally  developed,  and  also  according  to 
the  variety  of  the  cancer  itself. 

Through  simple  proliferation  the  connective  tissue  may  contribute  to 
the  building  up  of  the  tumor,  and  yet  in  the  early  stages  this  participa- 
tion may  amount  to  little  or  nothing. 

The  development  of  a  cancer  from  an  adenoma  or  fibro-adenoma 
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Fig.  310.— Cystx)carclno'ma  of  the  mammary  gland  in  an  early  stage  of  its  development.  (Tumor  about 
as  large  as  a  bean.)  a,  Normal  gland  tissue;  b,  proliferating  gland  tissue.  (Alcohol ;  hsematoxylin.)  Mag- 
nifled  100  diameters. 

(Fig.  311,  a)  also  begins  as  a  somewhat  active  proliferation  of  the  epithe- 
lium, as  a  result  of  which  the  single  layer  of  epithelial  cells  becomes 
stratified  (h,  c).  The  growth  of  the  epithelium  into  the  connective  tis- 
sue, which  often  first  takes  place  only  at  a  much  later  stage,  furnishes 
additional  evidence  of  the  malignancy,  i.e.,  of  the  carcinomatous  trans- 
formation, of  the  new  growth. 

The  development  of  a  cancer  from  a  papillary  epithelioma  proceeds 
in  the  same  manner  as  it  does  when  the  growth  starts  from  previously 
normal  skin  or  mucous  membrane ;  that  is  to  say,  it  is  characterized  by  the 
infiltration  of  epithelium  into  the  base  upon  which  the  epithelioma  rests. 

The  development  of  cancer  from  transplanted  or  misplaced  epithe= 
Hum,  or  from  remains  of  foetal  structures,  proceeds  in  the  same  manner 
as  it  does  when  the  growth  springs  from  the  epidermis  or  from  glandu- 
lar epithelium. 
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A  carcinomatous  transformation  of  chorionic  or  placental  villi  pro- 
ceeds either  from  the  foetal  ectodermal  epithelium  of  the  chorion  and  its 
villi,  or  from  the  cells  which  are  known  as  the  syncytiina  (which  cells 
are  situated  upon  the  ectodermal  epithelium,  but  are  derived  from  the 
decidual  uterine  epithelium),  or  from  both  of  these  layers  of  cells. 
These  carcinomatous  growths  spring  from  the  points  where  the  villi  are 
attached  to  the  main  body  of  the  uterus,  and  they  penetrate  from  there 
into  the  adjacent  tissues,  especially  into  the  blood-vessels  (Fig.  312,  c/, 
d^,  e, /,  it).  Ultimately  they  lead  to  the  formation  of  thrombi,  to  exten- 
sive destruction  of  uterine  tissue,  and  to  the  establishment  of  metastatic 
carcinomatous  foci.  Myxomatous  degeneration  of  the  villi  both  of  the 
chorion  and  of  the  placenta  (hydatid  mole)  apjjears  to  favor  the  devel- 
opment of  such  cancerous  growths.  The  expressions  placental  carc'i- 
nomata  and  chorionic  carcinomata  seem  to  me  on  the  whole  to  be  com- 
mendable. A  number  of  authorities  apx:)ly  to  these  growths  the  terms 
malignant  placentomata,  malignant  decidnomata,  and  destructive  placental 
polyps. 

Ribbert  believes,  as  has  already  been  stated  in  §  107,  that  he  has  found  the  cause  of 
the  formation  of  cancer  in  a  separation  of  single  epithelial  cells  from  their  normal  rela- 
tions and  a  transplantation  of  them  to  points  located  between  the  cells  of  the  connective 
tissue  ;  and  he  looks  upon  the  proliferation  of  the  connective  tissue  as  the  first  step  in 
the  development  of  a  cancer.     From  the  pictures  furnished  on  preceding  pages  it  is  evi- 


FiG.  311.— Tubular  adenoma  of  the  mammarv  eland,  with  beffinninff  transformation  into  a  carcinoma. 
(Formalin;  hsematoxvlin.)  o.  Branching  gland  tubes  lined  with  simple  epithelium;  the  connective  tissue 
which  surrounds  the  tubes  being  rich  in  cells  and  in  a  proliferatine  condition ;  6,  c.  gland  tubes,  the  epithe- 
lium of  which  is  in  some  places  still  simple,  while  in  others  it  has  already  reached  a  thickness  of  several  layers. 
Magnified  100  diameters. 


dent  that'this  vievs^  of  the  development  of  cancer  is  not  supported  by  the  facts,  but  that, 
on  the  contrary,  the  proliferation  of  the  epithelium  can  begin  in  normally  placed  surface 
or  glandular  epithelium,  and  that  the  starting-point  for  the  development  of  a  cancer 
lies  in  such  proliferation  and  not  in  that  of  the  connective  tissue. 

The  transplantation  of  epithelium  apparently  favors  the  development  of  cancer,  but 
does  not  of  itself  necessarily  produce  this  result.     The  traumatic  displacement  of  surface 
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epithelium  in  wounds  may  lead  to  the  formation  of  the  so-called  traumatic  epithelial 

cysts,  that  is,  cysts  which  vary  in  size  from  that  of  a  hemp  seed  to  that  of  a  nut,  which 
are  lined  with  epithelium,  and  which  are  filled,  in  case  they  come  from  the  external 
skin,  with  a  grumous  mass  of  cast-off  epithelial  cells.  They  are  usually  found,  after 
punctured  wounds,  on  the  palmar  surface  of  the  fingers  or  in  the  hollow  of  the  hand. 

Adenomata  and  carcinomata  cannot  always  be  sharply  distinguished  the  one 
from  the  other,  for  the  reason  that  tubular  adenomata — especially  those  of  the  intestine, 
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Fig.  312.-  Placental  carcinoma  of  the  uterus  (destructive  placental  polypus).  (Compare  von  Kahlden : 
"  Destruirende  Placentarpolypen,"  Centralbl.  f.  allg.  Path.,  XL,  1891.)  a,  Muscularis  of  the  uterus ;  6,  large 
blood-space ;  c,  thrombus ;  d,  cU,  intravascular  growths  of  the  epithelium  which  covers  the  villi  of  the  chorion. 
These  growths  project  into  a  large  blood-space  which  has  been  broken  into  froix  the  cavity  of  the  uterus,  and 
which  contains  several  thrombi ;  and  at  some  spots  (as  at  d)  they  lie  free  in  the  blood-space,  while  at  others 
(as  atdi),  they  are  attached  to  the  wall  of  the  vessel ;  e,  proliferating  mass  of  cells  which  have  forced  their 
way  into  a  rather  small  blood-vessel ;  /,  an  aggregation  of  proliferating  chorionic  epithelial  cells  within  the 
veins  of  the  muscularis  of  the  uterus  ;  g,  thrombus  ;  /(,  proliferating  cells  in  the  wall  of  a  vein.  Magnified  70 
diameters. 

more  rarely  those  of  the  thyroid  gland  or  the  liver— although  possessing  a  simple  cylin- 
drical epithelium,  may  grow  by  infiltration,  break  into  the  surrounding  tissues  (Fig. 
309),  and  develop  metastases.  If  a  special  name  is  to  be  applied  to  such  forms,  in  order 
to  distinguish  them  from  the  ordinary  carcinoma  adenomatosum,  or  adenocarcinoma, 
the  terms  adenoma  destruens,  or  malignum,  or  carcinomatosum,  may  be  employed. 
It  is  further  to  be  noticed  that  benign  adenomata,  which  have  existed  as  such  for  a  long 
time,  may  change  into  carcinomata. 

To  a  certain  extent  the  character  of  the  parent  tissue  is  preserved  in  the  cells  of  the 
cancer,  but  a  closer  inspection  shows  a  certain  amount  of  change  both  in  their  morpho- 
logical and  in  their  physiological  characters.  Hansemann  has  called  this  alteration  in 
the  character  of  the  cells  anaplasia.  It  manifests  itself  in  an  alteration  both  in  the 
form  and  in  the  structure  of  ^the  cells  which  usually  also  manifest  a  different  affinity  for 
dye-stuffs.  Then,  in  addition,  a  difference  may  be  noted  in  the  arrangement  and  rela- 
tions of  the  cells,  and  in  their  relations  to  the  surrounding  tissues. 

§  130.  The  structure  of  a  carcinoma  is  determined  by  its  origin.  The 
manner  in  which  the  epithelium  proliferates,  in  the  midst  of  connective 
tissue  which  may  also  take  on  proliferative  action,  makes  it  possible  to 
distinguish  a  connect! ve=tissue  stroma,  along  which  course  the  blood- 
vessels, from  the  nests  and  strings  of  cells— the  cancer  plugs,  as  they 
are  called — which  are  embedded  In  that  stroma.  If  the  cancer  pene- 
trates into  a  tissue  which  has  a  specialized  structure,  the  stroma  may 
contain  muscle  fibres,  bone  trabecule©,  unchanged  glandular  tissue,  etc., 
but  these  tissues  are  apt,  in  the  course  of  time,  to  perish  and  disappear. 
In  general,  it  may  be  said  that  a  cancer  jjossesses  an  alveolar  structure 
in  which  the  nests  of  cells  sometimes  suggest  an  imperfectly  developed 
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acinous  gland,  at  other  times  a  tubular  gland,  thus  justifying  the  estab- 
lishment of  acinous  and  tubular  types  of  carcinoma.  If  the  plugs  of  cells 
are  solid,  without  a  lumen,  the  tumor  is  spoken  of  as  carcinoma  soli= 
dum,  or  merely  as  carcinoma. 

If  there  is  a  lumen  in  the  cellular  plugs,  this  circumstance  will  give 
to  the  growth  a  certain  resemblance,  in  its  anatomical  structure,  to  the 
adenomata,  and  will  therefore  justify  the  employment  of  the  term  car= 
cinoma  adenomatosum  or  adenocarcinoma  (Fig.  308,  Fig.  309,  and 
Fig.  310). 

Several  forms  of  carcinoma  may  be  distinguished,  in  part  according 
to  the  character  of  the  epithelial  cells,  in  part  according  to  that  of  the 
groups  which  they  compose,  and  finalh'  in  part  according  to  certain 
changes  which  take  place  at  a  later  stage  of  the  growth.  As  the  charac- 
ter of  the  cells  is  dependent  upon  the  nature  of  the  matrix  in  which  they 
develop,  so  are  certain  types  of  carcinoma  characteristic  for  certain  re- 


FiG   313  —Horny  carcinoma  of  the  tongue     (Müller  s  fluid  ,  hnematoxnin    eosin  1    a  Plugs  of  epitheliucL; 
with  epithelial  pearls ;  b,  stroma.    Magnified.  100  diameters. 


gions  of  the  body ;  as  a  matter  of  fact,  they  appear  almost  exclusively  in 
these  parts  of  the  body. 

(1)  Fiat=celled  cancer  develops  in  those  places  where  the  skin  or  a 
mucous  membrane  is  covered  with  flattened  epithelium.  It  may  de- 
velop, therefore,  in  the  external  skin,  in  the  mouth,  in  the  throat  and 
the  oesoi)hagus,  in  the  larynx,  in  the  vaginal  portion  of  the  uteru  j,  in 
the  vagina,  in  the  lower  urinary  passages,  and  especially  in  the  bladder 
and  external  genitals.  In  rare  cases  flat-celled  cancer  may  develop  in 
a  mucous  membrane  which  is  covered  with  cylindrical  epithelial  cells, 
e.g.,  in  the  trachea,  or  in  remains  of  foetal  structures  (i.e.,  in  the  remains 
of  maxillary  clefts  or  dermoids),  or  finallj^,  in  the  ependyma  of  the  ven- 
tricles of  the  brain.  The  flat-celled  epithelial  cancer  is  characterized  by 
the  formation  of  relatively  large  strings  of  cells  (Fig.  313,  a,  and  Fig. 
314)  of  irregular  shape ;  but  besides  these  there  are  often  small  strings 
of  cells,  especially  in  those  cases  in  which  the  cancerous  growth  has 
begun  to  involve  larger  areas  of  the  mucous  membrane.     The  epithelial 
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cells  which  are  massed  together  in  separate  collections  still  show  plainly 
the  character  of  laminated  flattened  epithelium,  but  in  consequence  of 
their  growth  and  multiplication  within  the  interstices  of  the  tissue  they 
generally  assume  a  variety  of  shapes 
(Fig.  314)  and  no  longer  manifest 
their  typical  characteristics.  Very 
often  the  formation  of  keratohyalin 
and  the  change  into  a  horny  condi- 
tion take  place  deep  down  in  the  cen- 
tre of  the  larger  epithelial  plugs ;  and 
along  with  the  process  of  cornifi- 
cation  the  cells  arrange  themselves  in 
concentric  laminae  like  those  of  an 
onion  (Fig.  313,  a,  Fig.  314,  and 
Fig.  306,  e).  These  rounded  masses 
of  laminated  horny  epithelium  are 
called  epithelial  pearls  or  horny 
bodies  ;  and  hence  the  name  horny  can- 
cer has  been  applied  to  such  a  tumor. 

(2;  Cylindrical  epithelial  cancer  develops  especially  in  mucous 
membranes  which  are  provided  with  cylindrical  epithelium,  i.e.,  in  the 
intestine,  in  the  stomacli,  in  the  respiratory  passages,  in  the  body  of  the 
uterus,  and  in  the  gall-bladder ;  but  it  is  also  found  in  glands,  such  as 
the  ovary,  mamma,  liver,  etc.,  and  in  the  ventricles  of  the  brain.  Such 
a  tumor  exhibits,  at  least  in  the  beginning  of  its  growth,  the  character 
of  a  carcinoma  adenomatosum  or  of  an  adenocarcinoma  (Fig.  308, 
Fig.  309,  Fig.  315,  Fig.  316);  that  is,  it  forms  epithelial  structures 
which  suggest  glands  and  are  made  up  of  gland  tubules  of  various 
shapes  which  are  lined  with  a  simple  or  stratified  epithelium.     When 


Fig. 


314.— Epithelial  plug  from  a  cancer  of  the 
skin.    Magnified  250  diameters. 


Fig.  315.— Tubular  adenocarcinoma  of  the  rectum,    a,  &,  Epithelial  gland^tubules ;  c,Ci,  stroma;  d,  col- 
lection of  leucocytes  in  the  gland-tubules.    (Alcohol ;  almn  cannine.)    Magnified  80  diameters. 


the  proliferative  activity  of  the  epithelial  cells  is  unusually  great,  com- 
pact cell-nests  without  a  lumen  will  be  produced  (Fig.  316). 

The  stroma  of  a  cylindrical-celled  cancer  is  usually  poorly  developed, 
so  that  the  tumor  possesses  the  character  of  a  soft  cancer — a  carcinoma 
medulläre.  In  some  instances,  however,  the  cancerous  tissue  possesses 
a  firmer  consistence. 
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(3)  Carcinoma  simplex,  or  carcinoma  in  the  narrower  sense,  is  a  cancer 
whose  especial  characteristics  are  derived  from  the  form  and  disposition 
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FiG.  316.— Adenocarcinoma  of  the  fundus  of  the  uterus,    a.  Stroma  ;  7>.  plugs  of  carcinoma  cells ;  c,  isolated 
carcinoma  cells.    Magnifled  150  diameters. 

of  the  cells,  which  are  arranged  in  irregularly  shaped,  compact  groups 
(carcinoma  soli  dum).  It  is  most  often  found  in  glands,  but  may  also 
develop  in  the  mucous  membranes  or  in  the  skin.     The  nests  of  cells  are 


Fig.  317.— Carcinoma  simplex  of  the  mammary  gland.  (Alcohol ;  haematoxylin.)  o.  Stroma;  fc,  plugs  of 
carcinoma  cells ;  c,  scattered  carcinoma  ceUs ;  d,  blood-vessel ;  c,  infiltration  of  the  stroma  with  small  cells. 
Magnifled  200  diameters. 
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in  some  cases  shaped  quite  irregularly  (Fig.  317),  in  others  they  are  to 
a  great  extent  round  (Fig.  318),  and  finally  in  still  others  they  are  long 
drawn  out  or  fusiform  in  shape  (Fig.  319) .     These  variations  have  led 


Fig.  318.— Acinous  carcinoma  of  the  mammary  gland,  with  large  nests  of  cells.    (Muller's  flmd;  haematoxy- 

lln.)    Magnifled  100  diameters. 

to  the  subdivision  of  these  growths  into  carcinoma  acinosum  (Fig.  318) 
and  carcinoma  tubuläre  (Fig.  319).  It  is,  however,  to  be  observed  that 
these  different  types  may  exist  in  the  same  tumor  (Fig.  320,  e,  /,  (/), 
since  the  structure  of  the  nests  of  cells  is  dependent  partly  upon  the 
character  of  their  own  growth,  partly  upon  that  of  the  tissues  in  the 
midst  of  which  they  develop.  Thus,  for  example,  the  cell-nests  at  the 
point  of  origin  of  the  tumor  may  have  a  variety  of  shapes  (e) :  some- 
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riG.  319.— Tubular  scirrhous  carcinoma  of  the  mammary  gland.  (Muller's  fluid ;  hasmatoxyli-n.)  a.  Spot 
at  which  there  are  well-developed,  oblong  nests  of  cells  ;  b,  spot  at  which  the  nests  of  cells  have  broken  down 
and  have  for  the  most  part  disappeared.    Magnifled  100  diameters. 

what  rounded  in  the  adipose  tissue  (/),  and  small  and  fusiform  when 
they  develop  in  the  unyielding  connective  tissue  of  the  skin  (g). 

An  abundant  development  of  cell-nests  within  a  delicate  connective- 
tissue  network  results  in  a  carcinoma  medulläre.     A  strong  develop- 
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ment  of  the  connective-tissue  stroma  with  the  formation  of  comparatively 
few  cancer  cells  gives  rise  to  a  hard  tumor  which  is  called  carcinoma 
durum,  or  scirrhus  (Fig.  319). 

A  hard  cancer  may  owe  its  origin  to  the  fact  that  from  the  beginniDg 
the  nests  of  cells  are  small  and  relatively  scarce,  while  the  connectivp-tis- 


FiG.  320.— Section  thrnugli  a  segment  of  a  carcinoma  of  the  breast.  (AlcoHol ;  hematoxylin. )  a,  Nipp> : 
b,  tissue  of  the  mamm:iry  gland ;  c,  skin  ;  d,  outlet-ducts  of  the  gland ;  c.  carcinomatous  masses  occupying- 
the  position  of  glandular  tissue  ;  f,  lobules  of  fat  already  infiltrated  with  cancer ,  y,  portion  of  skin  also  iniil- 
trated  with  cancpi  ;  h,  carcinomatous  cell-nests  in  the  nipple ;  u  normftl  lobules  of  the  gland ;  k,  Inflltratioa 
of  small  cells  in  the  connective  tissue.    Drawn  with  the  aid  of  a  lens. 


sue  stroma  is  abundant  and  firm.  Such  a  condition  of  affairs  is  found 
when  the  epithelial  proliferation  takes  place  in  firm  connective  tissue 
such  as  that  of  the  breast  or  of  the  skin;  and  yet,  on  the  other  hand, 
newly  formed  connective  tissue  may  possess  the  same  characteristics. 
In  the  course  of  time,  a  cancer  may  grow  harder  by  reason  of  the 
destruction  of  a  part  or  of  all  of  the  nests  of  epithelial  cells  (Fig.  319, 
h),  while  the  connective  tissue  increases.  Accordingly,  a  cancer  which 
was  originally  soft  may  become  hard ;  that  is,  as  the  induration  of 
the  connective  tissue  advances,  the  cancerous  portions  undergo  a 
corresponding  shrinkage.  Cancers  of  the  breast  or  stomach  or  intes- 
tine often  undergo  such  secondary  induration,  so  that  the  nests  of  can- 
cer cells  may  be  wholly  wanting  in  the  tissues  which  have  undergone 
this  fibrous  change. 

(4)  Cancers  which  are  characterized  by  peculiar  secondary  changes 
are  usually  those  in  which  the  cancer  cells  form  peculiar  products  or 
undergo  peculiar  metamorphoses.  It  happens  less  frequently  that  the 
stroma  is  the  part  which  undergoes  some  alteration. 

Mucoid  cancer  or  gelatinoid  cancer — carcinoma  mucosum  (C.  gela- 
thiosum,  C.  colloides)— owes  its  peculiar  characteristics  to  the  fact  that 
the  epithelial  cells  produce  mucus  (mucin  or  pseudo-mucin)  or  a  gelati- 
nous substance  similar  to  colloid.     This  production  of  mucus   occurs 
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in  cancers  of  the  intestine  and  breast  and  ma}^  be  manifest  in  the  very 
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Fig.  321.— Mucous  carcinoma  of  the  mammary  gland.  (MüUer's  fluid ;  haematoxylin ;  eosin.;  a.  Nor- 
mal gland  tissue ;  6,  c,  first  beginnings  of  the  carcinomatous  growth,  in  which  the  development  of  mucus 
may  already  be  seen ;  d,  rather  large  nests  of  cells,  among  which  are  masses  of  mucus  ;  e,  /,  carcinomatous 
tissue  in  which  the  transformation  into  mucus  is  far  advanced.    Magnified  30  diameters. 

beginning  of  the  development  of  the  growth  (Fig.  321,  h,  c),  so  that  the 
mucoid  products  of  the  cells  collect  in  the  centre  of  the  cell-nests  like 
the  secretion  of  a  gland.     As  time  goes  on,  the  rows  of  cells  which  sur- 


FiG.  322.— Mucous  carcinoma  of  the  mammary  gland.  (Alcohol :  haematoxylin.)  a.  Stroma;  b,  plugs  of 
carcinoma  cells ;  c,  alveoli  which  do  not  contain  any  carcinoma  cells ;  d,  cells  with  balls  of  mucus  in  their 
interior.    Magnified  200  diameters. 


round  the  mucoid  material  are  usually  broken  through  and  the  cells  are 
loosened  from  their  underlying  support  and  crowded  together  in  the 
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middle  of  the  alveolus  (Fig.  321,  d,  e,f).     Ultimately,  the  epithelial 
cells  are  entirely  destroyed. 

In  intestinal  cancers  the  formation  of  mucus  takes  place  in  the  beaker 
cells,  which  are  similar  to  the  normal  beaker  cells.     In  cancer  of  the 

breast  the  mucus  forms  in  drops 
in  the  cancer  cells  (Fig.  322)  and 
becomes  free  either  by  escaping 
from  the  cell  or  through  the 
complete  destruction  of  the  cell 
itself. 

If  mucoid  or  colloid  masses 
develop  within  the  nests  of  cells, 
these  nests  may  be  studded  by 
hyalin  drops  and  so  changed  as 
to  present  the  appearance  of 
meshwork  (Fig.  323).  Such 
structures  were  formerly  called 
cylhidromaia  and  classified  with 
the  corresponding  sarcomata 
(§123).  If  any  one  wishes  to  re- 
tain this  nomenclature  he  can 
speak  of  such  a  tumor  as  a  car- 
cinoma ajUndroinatosum,  but  it 
seems  unnecessary  to  separate 
these  tumors  from  the  mucoid 
and  gelatinoid  cancers. 
When  the  cancer  cells  grow  to  an  extraordinarily  large  size,  as  occurs, 
for  example,  in  flat-celled  cancers  or  in  cancers  of  the  breast,  the  result- 
ing tumor  is  termed  a  carcinoma  gigantico=celIuIare.  If  the  increased 
size  of  the  cells  is  due,  not  to  an  increase  in  the  amount  of  protoplasm, 
but  to  the  collection  of  drops  of  fluid  in  the  cells  and  in  their  nuclei 
(Fig.  324),  the  cells  are  designated  i)Jujsalidcs,  and  the  tumor  carcinoma 
pliysaliferum. 

If  the  stroma  of  a  cancer  undergoes  a  transformation  into  a  mucoid 
tissue  the  name  carcinoma  myxomatodes  may  be  applied  to  the  tumor. 
This  change,  however,  alfects  only  certain  parts  of  the  tumor.     In  rare 


Fig.  323.— Carcinoma  with  hyaline  drops  in  the  in- 
terior of  its  nests  of  cells — carcinoma  cylindromato- 
sum.  a.  Cell-nests  without ;  ö,  cell-nests  with  a  few 
hyaline  balls  in  their  interior ;  c,  cells  which,  through 
the  formation  of  numerous  hyaline  balls,  have  been 
made  to  arrange  themselves  in  the  form  of  a  network. 
Magnifled  150  diameters. 


Fig.  324.— Enlarged  dropsical  cancer-cells  from  a  carcinoma  of  the  breast,  a.  Ordinary  cancer-cells ;  6, 
dropsical  cells  containing  in  their  interior  clear  drops  of  fluid ;  c,  swollen  nucleus ;  d.  swollen  nucleolus ;  f , 
wandering  cells.    (Müller's  fluid  ;  Bismarck  brown.)    Magnified  300  diameters. 


cases  the  connective  tissue,  in  parts  of  the  tumor,  also  undergoes  a  hyaline 
degeneration. 


CYSTOCARCINOMATA. 
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Chalky  deposits  in  carcinomata  may  take  the  form  of  concretions 
similar  to  those  which  occur  in  psammomata  (vide  §  123) .  The  deposits 
may  be  either  in  the  cells  or  in  the  connective  tissue.  They  are  observed 
in  papillary  adenomata  and  carcinomata  of  the  ovary  and  in  cancer  of 
the  breast.  There  are  also  more  extensive  calcifications  which  lead  to 
complete  petrification.  Such  tumors  are  observed  in  the  skin  and  sub- 
cutaneous tissue,  in  the  form  of  sharply  defined,  hard,  rounded  nodules. 
Some  of  these  tumors— so  far  as  one  can  judge  from  the  descriptions — 
are  to  be  reckoned  among  the  carcinomata,  while  others  of  them  are 
either  calcified  atheromata  or  adenomata  of  the  sebaceous  glands. 

^The  cancers  wliicli  develop  from  the  surface  epithelium  were  formerly  called  can= 
croids  and  epitheliomata,  in  contrast  with  other  cancers  which  were  supposed  to  grow 
from  the  connective  tissue.  The  knowledge  that  the  cancers  which  develop  in  glands 
are  also  epithelial  formations  makes  such  a  distinction  unnecessary.     Nevertheless,  the 
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Fig.  325.— Myxomatous  carcinoma  of  the  stomacü.  (Müller's  fluid  ;  hgematoxylin.)  a.  Plugs  of  cancer- 
cells  ;  &,  connective-tissue  stroma ;  c,  stroma  of  mucous  tissue  ;  d,  cancer-cells  which  have  undergone  mucous 
degeneration.    Magnified  200  diameters. 


name  cancroid  is  still  much  used.  The  term  epithelioma  ought  to  be  reserved  for  be- 
nign epithelial  tumors  (§  125). 

Formerly  a  carcinoma  was  defined  as  a  tumor  which  possesses  an  alveolar  structure 
and  gives  lodgment  to  nests  of  cells  in  a  connective-tissue  stroma  ;  and  recently  attempts 
have  been  made  to  restrict  the  use  of  the  term  carcinoma  to  growths  which  answer  to 
this  definition.  The  adoption  of  this  definition,  however,  would  be  a  step  backward: 
it  would  bring  together  forms  of  tumors  which,  according  to  their  origin,  ought  to  be 
separated.  Furthermore,  in  accordance  with  this  idea  one  would  have  to  distinguish  an 
epithelial  cancer  from  a  connective-tissue  cancer  (endotheliomata,  alveolar  sarcomata), 
inasmuch  as  the  epithelial  nature  of  the  cell-nests  would  no  longer  be  a  requisite  for  the 
placing  of  a  tumor  among  the  carcinomata. 

Recently  Lange  has  attempted  to  prove  that  the  substance  which  gives  to  a  mucoid 
cancer  of  the  breast  a  gelatinoid  appearance  is  a  product  of  the  connective  tissue.  I  am 
entirely  unable  to  indorse  this  opinion,  but  am  convinced  of  the  correctness  of  the  view 
which  is  expressed  in  the  main  body  of  the  text. 

§  131.  The  cystocarcinomata  represent  a  form  of  new  growth  which 
stands  in  the  same  relation  to  simple  cancer  as  the  cystadenomata  do  to 
the  adenomata.  The  majority  of  cancers  furnish  no  demonstrable  secre- 
tion, and  yet  in  the  group  of  the  adenocarcinomata,  for  examx)le,  there 
are  certain  forms  in  which  the  epithelial  cells  produce  mucus  and  also 
colloid  (thyroid  gland),  and  in  adenocarcinomata  of  the  liver  a  secretion 
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Ol  bile  has  been  observed  (Schmidt) .     In  cystocarcinomata  the  mucoid 
secretion  of  the  epithelium  may  lead  to  the  formation  of  quite  large 
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Fig.  326.— Papillary  cystocarclnoma  of  the  breast,  a.  Stroma;  />.  siii(Kitli-v.uiit.d  cysts  ;  o.  cysts  studded 
on  the  inside  with  papillary  growths ;  (?,  cysts  completely  Qlled  with  papillary  growths;  e.  small  encysted 
papillary  growths  ;  f,  adenomatous  growths ;  g,  nipple  of  the  breast.    (Reduced  in  size  by  about  one-third.) 


spaces  filled  with  fluid.  These  growths  are  observed  j^articularly  in  the 
ovar}^  and  in  the  mammary  gland,  and  the  form  which  they  assume  is 
that  of  a  carcinoma  papilliferum  (Fig.  326);  for  the  cyst-spaces  are 
either  partially  (6,  c)  or  completely  (c?,  e)  filled  with  papillary  growths. 
These  excrescences  present  a  soft,  marrow-like  appearance,  and  when 
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Fig.  327.— Papillary  cystoearcinoma  of  the  ovary.    (Müller's  fluid  ;  lieematoxylin.)    a,  Stroma  ;  Zv,  epithelium ; 
c,  d,  papillEe.    Magnified  80  diameters. 


their  number  is  very  large  they  lend  a  marrow-like  consistence  to  the 
entire  tumor. 

The  cyst  walls  as  well  as  the  papillary  growths,  which  branch  in  the 
same  manner  as  do  those  of  the  papillary  cystadenomata,  are  covered 


FORMATION   OF  METASTASES   IN   CARCINOMA. 


385 


with  a  thick,  laminated  stratum  of  epithelium  (Fig.  327,  h,  c,  d,  and 
Fig.  328,  c) .  The  papillse  are  generally  slender  structures  (Fig.  327,  c, 
d),  but,  through  somewhat  active  proliferation  of  the  connective  tissue, 
or  even  through  a  mucoid  degeneration  of  this  tissue  (Fig.  328,  h),  these 
may  attain  larger  dimensions.  If  all  of  the  connective  tissue  undergoes 
mucoid  degeneration,  the  tumor  will  then  consist  of  mucoid  cysts  in- 
closed in  epithelium ;  and  if  at  the  same  time  the  epithelium  of  adjoin- 
ing papillae  breaks  down  and  disappears,  there  will  ultimately  be  noth- 
ing left  beyond  an  epithelial  stroma  inclosing  globules  of  mucus. 

The  metastases  of  cystocarcinomata  may  show  cauliflower-like,  pap- 
illary growths,  and  this  is  particularly  the  case  when  ovarian  tumor» 
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Fig.  328.— Papillary  eystocarcmoma  of  the  mammary  gland,  with  papillae  which  have  undergone  a  myxo- 
matous degeneration.  (Müller's  fluid;  haematoxylin ;  eosin.)  a,  Firm  connective  tissue;  ö.  papilla  which, 
have  become  myxomatous ;  c,  epithelium  which  has  proliferated  to  such  an  extent  as  to  form  several  layers.. 
Magnified  80  diameters. 


of  this  nature  begin  to  spread  throughout  the  peritoneal  cavity, 
metastases  show  the  characteristics  of  ordinary  carcinomata. 
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§  132.  The  formation  of  metastases,  which  occurs  more  frequently  in 
cancer  than  in  any  other  form  of  tumor,  is  the  natural  result  of  its  infil- 
trative mode  of  growth.  The  cancer  cells  at  first  break  into  the  lymph- 
vessels  (Fig.  221)  and  then  along  these  they  pass  on  into  the  lymph- 
glands.  In  both  situations  there  occurs  at  once  a  multiplication  of  the 
invading  cancer  cells  (Fig.  221,  and  Fig.  329,  d).  In  the  lymph-glands, 
at  a  later  stage,  the  cancer  tissue  takes  the  place  of  the  lymphoid  tissue. 
When  this  occurs  the  lymphocytes  disappear,  and  the  connective  tissue 
of  the  lymph-gland  serves  as  the  framework  for  the  cancer. 

The  development  of  cancer  in  the  lymph-channels  is  limited  either  to 
the  filling  and  distention  of  the  same  by  the  cancer  cells  (Fig.  221),  or 
the  latter  may  grow  more  vigorously  at  certain  points  and  so  lead  to  the 
formation  of  daughter  nodules. 

The  piling  up  of  epithelial  cells  in  the  lymx^h-vessels  often  extends 
over  a  large  territory,  and  then — either  through  the  pushing  of  some  o£ 
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the  lymph-channels  out  of  their  proper  places,  or  perhaps  even  by  aid 
of  the  thoracic  duct — it  often  happens  that  cancer  cells  are  transported 


Fig.  339.— Section  of  an  enlargied  lymph-gland  taken  from  the  axilla.  It  shows  the  beginnings  of  a  can- 
cerous growth.  (Alcohol ;  haematoxylin.)  a.  Aggregation  of  young  cancer  cells  in  a  lymph-node ;  b,  IjTnph- 
channels ;  c,  artery ;  d,  nests  of  fully  developed  cancer  cells.    Magnified  60  diameters. 


along  ivhat  appears  to  he  a  retrograde  course.  Thus,  for  example,  in  the 
case  of  a  carcinoma  of  the  stomach  both  the  lymphatic  vessels  of  the 
lungs  and  those  of  the  upper  extremities  may  become  infected. 

The  epithelial  cells,  in  their  proliferative  activity,  are  just  as  likely 
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FIG.  331. 


Fig.  330.— Metastatic  collection  of  young  cancer  cells  in  the  interior  of  a  capillary  blood-vessel  of  the 
liver.  Specimen  taken  from  an  adenocarcinoma  of  the  stomach.  (Alcohol ;  haematoxylin.)  Magnifled  300 
diameters. 

Fig.  331.— Metastatic  development  of  carcinoma  within  the  capillaries  of  the  liver ;  the  primary  growth 
being  located  in  the  pancreas.  (Alcohol ;  carmine.)  It  will  be  observed  that  both  cancer  ceUs  (in  the  form 
of  nests)  and  connective  tissue  have  developed  in  the  interior  of  the  capillaries.    Magnifled  250  diameters. 
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to  break  into  the  blood-vessels  as  into  the  lymphatics,  and  from  the  in- 
vestigations of  Goidmann  it  appears  that  cancers  force  their  way  into 
veins  with  surprising  regularity.  When  this  latter  event  occurs  the  lu- 
men of  the  vein  will  be  entirely  occupied  by  cancer  cells,  while  at  a  latei: 
stage  the  affected  portions  of  the  vessel  become  converted  into  cancer 
tissue,  the  framework  for  which  is  furnished  by  the  proliferative  activity 
of  the  vessel-wall.  The  transportation  of  cancer  cells  which  have  been 
set  free  in  the  blood-stream  leads  to  the  formation  of  metastases  (Fig. 
222,  h,  Fig.  330,  and  Fig.  331).  Here  also  the  cancer  growth  proceeds 
primarily  from  the  invading  epithelial  cells,  and  a  stroma  for  the  new 
foci  of  disease  is  furnished  by  the  vessel-walls  and  adjacent  structures. 

The  daughter  nodules  increase  in  size,  partly  by  direct  proliferative 
growth,  partly  by  the  fusing  together  of  neighboring  blood-vessels  and 
lymph-spaces  which  have  been  invaded  by  the  disease. 

In  general  the  cancer  metastases  show  a  tendency  to  assume  the 
nodular  form.  In  the  serous  membranes  and  in  the  skin  diffuse  prolife- 
rations of  tissue  may  occur,  which  present  the  character  of  dense  infil- 
trations inclosing  only  the  smaller-sized  cancer  nodules.  Likewise  the 
marrow  of  entire  bones  or  of  entire  groups  of  bones  may  be  involved  in 
diffuse  carcinomatous  disease,  and  as  this  advances  the  bone  substance 
gives  place  to  cancer  tissue,  whose  stroma  often  incloses  newly  formed 
osteoid  tissue. 

Portions  of  cancer  removed  while  still  in  a  living  condition  from  one 
animal  and  inoculated  into  another  of  the  same  species  continue  to  de- 
velop in  the  new  locality  and  form  daughter  nodules  exactly  as  occurs 
in  the  case  of  the  metastases  which  form  in  the  course  of  the  original 
disease. 

S.    Teratoid  Tumors  and  Cysts. 

§  133.  Under  the  head  of  teratoid  tumors  and  cysts  may  be  grouped 
together  all  those  tumor-like  formations  which  are  distinguished  by  the 
fact  that  the  tissues  from  which  they  take  their  origin  either  do  not  nor- 
mally appear  at  the  site  in  question  {heterotopous  growth)  or  at  least  do 
not  normally  appear  there  at  the  time  at  which  they  are  found  (hetero- 
chronous  groivtJi).  Part  of  the  teratoid  tumors  and  cysts,  which  may  be 
correctly  classed  together  as  teratomata,  exhibit  moreover  the  pecu- 
liarity that  they  are  composed  of  a  great  variety  of  tissues. 

The  teratoid  tumors  and  cysts  may  be  conveniently  subdivided,  ac- 
cording to  their  structure  and  their  origin,  into  four  groups,  as  follows : 
First,  the  simple  teratoid  tumors;  second,  the  simple  teratoid  cysts ;  third, 
the  teratomata  which  are  of  complex  structure  and  ivhich  are  found  in 
different  parts  of  the  body  ;  fourth,  the  teratoid  cysts  and  solid  tumors  of 
the  germinal  glands. 

Heterotopous  tissue=growths,  which  are  included  in  the  same  class 
with  the  teratoid  tumors,  may  occur  in  the  most  various  organs,  but  are 
found  at  certain  sites  more  often  than  at  others.  Among  the  more  com- 
mon may  be  mentioned  the  following :  Chondromata  and  chondromyxo- 
mata  of  the  salivary  glands  and  of  the  testicle,  osteomata  of  the  muscles, 
lipomata  of  the  pia,  rhabdomyomata  of  the  kidneys,  aud  tumors 
composed  of  the  tissues  of  the  suprarenal  capsules  within  the  kidney. 
The  following  are  encountered  somewhat  rarely:  chondromata  and 
osteomata  of  the  skin  or  of  the  mammary  gland,  rhabdomyomata  of  the 
testicle,  etc. 
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The  occurrence  of  tissue  formations  at  points  at  which  these  tissues 
do  not  normally  appear  is  to  be  explained  only  by  the  assumption  of 
misplaced  germinal  matter  or  of  a  displacement  of  tissue.  It  is  as- 
sumed, in  other  words,  that  during  early  embryonic  life  the  embryonal 
cells  of  one  organ  must  have  found  their  way  into  the  group  cS  cells 
which  constitute  the  first  beginnings  of  another  organ.  Thus,  for  ex- 
ample, cells  possessing  the  character  of  periosteum  cells  might  find  their 
way  into  a  groujD  of  embryonic  muscle  cells.  As  regards  the  assump- 
tion of  a  displacement  of  tissue,  it  is  conceivable  that  this  may  occur 
through  some  change  in  the  natural  i^osition  of  a  tissue  which  is  either 
in  course  of  develoi:)ment  or  is  already  actually  developed.  Tbe  sub- 
sequent appearance  of  pathological  tissue  formations  constitutes  the  only 
ground  upon  which  we  are  able  to  base  the  first  assumption ;  while,  as 
regards  the  other  hyi)othesis,  we  occasionally  find  corroborative  evi- 
dence, later  on,  in  the  anatomical  relations.  Thus,  for  example,  in  the 
retrograde  changes  which  take  place  in  hernias  of  tbe  sacral  portion  of 
the  spinal  cord  adipose  tissue  (Fig.  332,  i)  and  muscular  tissue  (Fig. 
332,  k)  may  push  their  way  into  the  sj^inal  canal  and  the  sac  of  the 
arachnoid  and  grow  around  the  nerves.  Arnold  saw  a  case  in  wbich 
transposition  of  adipose  tissue,  gland  tissue,  cartilage,  and  glia  tissue 
had  taken  place  at  the  lower  end  of  the  trunk.  In  this  case  the  patient 
had  a  myelocyst,  with  absence  of  the  bony  wall  of  the  spinal  column 
throughout  the  lumbar,  sacral,  and  coccygeal  regions.  He  also  found, 
in  a  case  of  fatty  teratoma  of  the  frontal  region,  that  there  was  a  defect 
in  the  wall  of  the  skull,  and  that  through  this  opening  the  tumor  on  tbe 
outside  was  connected  with  an  intracranial  growth  of  a  similar  character. 

Teratoid  cysts  may  be  divided  into  two  great  groups :  on  the  one 
hand,  tJie  ectodermal  epithelial  cysts,  and  on  the  other,  the  entodermal  and 
mesodermal  epithelial  cysts. 

The  ectodermal  cysts  vary  in  size  from  that  of  a  pea  to  that  of  a 
man's  fist,  and  their  walls  show  ectodermal  characteristics.  For  ex- 
ample, the  sac  may  consist  of  a  smooth  connective-tissue  membrane, 
lined  with  several  layers  of  flat  epithelium.  Such  cysts  are  known  as 
epidermoids.  Or  else  the  sac  may  present  the  characteristics  of  true 
skin;  that  is,  it  is  furnished  with  papillas  like  those  of  the  skin,  with 
sebaceous  glands,  with  hair  follicles,  with  hair,  with  sweat  glands,  and 
also  often  with  subcutaneous  fat.  These  cysts  have  been  named  der= 
moids,  or  dermoid  cysts,  or  dermatocysts. 

The  contents  of  the  cysts  are  composed  either  entirely  of  cast-off 
horny  cells,  or  else  of  such  cells  intermingled  with  fat  and  j^ale-colored 
hairs. 

The  localities  in  which  such  epidermoids  and  dermoids  are  found  are 
the  skin  and  the  subcutaneous  tissues,  where  they  jDresent  themselves  in 
the  form  of  tumors  which  bear  some  resemblance  to  the  collections  of 
cheesy  material,  or  atheromata,  which  owe  their  origin  to  the  retention  of 
secretion  in  the  outlet  channels  of  the  sebaceous  glands  and  in  the  hair- 
follicles.  Thej'  are  also  encountered  at  the  side  of  the  necl:  and  in  the 
median  line  of  the  neck,  either  above  or  below  the  hyoid  bone.  They 
also  occur  in  the  thoracic  cavity  (more  particularly  in  the  mediastinum), 
in  the  peritoneal  cavity  (rarely),  in  thepe^i'ic  cellular  tissue,  in  the  coccy- 
geal region,  and  in  the  raphe  of  the  j^erineum.  Finally,  they  also  appear 
loithin  the  cranium — on  the  dura  and  also  in  the  hypophysis.  More 
often,  however,  such  intracranial  growths  are  designated  as  cholesteato= 
mata  or  as  pearl  tumors.    These  vary  in  size  from  that  of  a  pea  to  that 


TERATOID   TUMORS   AND   CYSTS. 


389 


of  an  apple;  they  are  globular  or  slightly  nodulated  tumors,  with  a 
white,  satin-like  surface,  and  they  are  composed  in  great  part  of  non- 
nucleated,  thin  cellular  scales,  arranged  in  closely  applied  laminae. 
These  are  invariably  situated  at  some  point  on  the  pia  (Bostroem),  and 
it  is  the  vascular  pia,  covered  with  laminated  squamous  epithelium, 
which,  in  the  course  of  years,  produces  the  delicate  epithelial  scales  of 
which  the  tumor  is  composed,  while  the  adjacent  brain  or  arachnoid, 
which  the  tumor  may  rest  against  in  places,  does  not  share  in  the  pro- 
duction of  the  horny  scales.  In  rare  cases  the  cholesteatomata  contain 
sebaceous  material  and  small 
hairs  in  addition  to  the  epithe- 
lial scales.  In  these  cases  one 
may  find,  seated  here  and 
there  upon  the  pia,  dermal 
structures — i.e.,  true  skin, 
provided  with  sebaceous  glands 
and  hair  follicles,  or,  in  other 
words,  with  the  organs  which 
produce  the  sebaceous  ma- 
terial and  the  hairs.  The 
simple  cholesteatomata  can 
therefore  be  designated  as 
epidermoids  (Bostroem),  while 
those  which  contain  hair  may 
rightly  be  named  dermoids. 
The  cholesteatomata  occur  at 
the  base  of  the  brain,  in  the 
neighborhood  of  the  olfactory 
lobe,  the  tuber  cinereum,  the 
corpus  callosum,  the  choroid 
plexus,  the  pons,  the  medulla 
oblongata,  the  cerebellum,  and 
very  rarely  the  spinal  cord. 

Without  doubt  the  der- 
moids and  epidermoids  under 
consideration  owe  their  origin 
to  a  transfer  of  the  germinal 
epithelium  from  its  original 
position  to  the  sites  in  ques- 
tion. In  the  case  of  the  epi- 
dermoids, probably  only  em- 
bryonal epithelial  cells  are 
deposited,  whereas  in  the  case 

of  the  dermoids,  embryonal  dermal  tissue  is  also  deposited.  The  in- 
tracranial cholesteatomata  originate  probably  in  an  early  deposit  of 
germinal  epidermis  in  the  pia.  Mediastinal  dermoids  doiibtless  de- 
pend upon  disturbances  in  the  development  of  the  thymus,  which  springs 
from  ectoderm.  Dermoids  on  the  side  of  the  neck  originate  in  the  re- 
mains of  the  branchial  clefts,  and  particularly  of  the  second.  Those 
dermoids  which  hang  down  from  the  hyoid  bone  or  lie  behind  it  are 
probably  to  be  regarded  as  the  remains  of  the  ductus  thyreoglossus. 
Dermoids  of  the  pelvic  cellular  tissue  can  be  explained  by  attributing 
them  to  epithelial  offshoots  from  the  perineum,  or  they  may  be  looked 
upon  as  outgrowths  from  the  Wolffian  duct. 
22" 


Fig.  332.— Spina  bifida  occulta,  with  myolipoma  inside 
the  vertebral  canal.  (Sagittal  section  about  1  cm.  to  the 
left  of  the  median  line.  Reduced  about  one-half.  Copied 
from  von  Recklinghausen.)  a.  Abnormally  hairy  skin  ;  h, 
fibrous  covering  which  forms  the  posterior  wall  of  the  sa- 
cral canal,  with  a  slit-like  opening  at  c  ;  d,  spinal  cord ;  t , 
conus  medullaris,  lying  in  the  second  sacral  vertebra  (2) 
instead  of  in  the  second  lumbar  vertebra ,  /,  cauda  equina ; 
(7,  dura  mater;  /i,  /i,,  recurrent  left  anterior  nerve-roots 
of  the  third  and  fourth  lumbar  nerves ;  i,  fat :  /f,  muscular 
tissue  :  IV,  fourth,  and  V,  fifth  lumbar  vertebra? :  1-4  sa- 
cral vertebrae. 
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Simple  entodermal  and  mesodermal  epithelial  cysts  are  character- 
ized by  the  fact  that  they  are  lined  with  epithelium  composed  of  cylin- 
drical cells,  which  often  possess  cilia.  They  are  found  particularly  often 
in  the  broad  ligaments  of  the  uterus,  and  in  the  Fallojjian  tubes.  They 
are  also  found  at  other  points  in  the  abdominal  cavity,  on  the  intestine, 
in  the  neighborhood  of  the  trachea  and  the  bronchi,  in  the  lungs,  on  the 
pleura,  in  the  neck,  in  the  tongue,  in  glandular  organs,  etc.  They  form 
cysts  which  vary  in  size  from  that  of  a  pin's  head  to  that  of  a  man's 
fist 

The  occurrence  of  these  cysts  may  be  explained  in  most  cases  by 
the  assumption  that  foetal  glands  or  canals,  which  normally  should 


Fic.  ,3.«.— Adenoma-like  isolation  of  a  part  of  the  mucous  membrane  of  the  small  intestine.  The  isolated 
portion  lies  in  the  submucosa  and  gives  rise  to  a  ridge-like  prominence  of  the  mucous  membrane,  about  2  cm. 
in  length.  (Alcohol ;  ha?matoxylin.)  Specimen  taken  from  a  child  six  weeks  old.  a,  Ö,  c.  Normal  intestinal 
wall ;  d,  c,  portions  of  mucous  membrane  lodged  in  the  submucosa ;  /,  mucous  tissue  rich  in  cells.  Magnified 
35  diameters. 


disappear  early  in  life,  have  continued  to  exist,  or  else  that  por= 
tions  of  entodermal  or  mesodermal  epithelial  tubes,  which  have 
become  separated  from  the  original  structure  by  a  process  of  con= 
striction,    have   served   as   the   starting=point   for   their   formation. 

Thus,  for  example,  the  cysts  on  the  side  of  the  neck  may  owe  their 
origin  to  remains  of  the  internal  branchial  clefts;  those  at  the  back 
part  of  the  tongue  to  the  remains  of  the  ductus  thyreoglossus  or  to  the 
epithelial  buds  and  glands  which  develop  from  it ;  and  those  which  are 
located  in  the  oesophagus  or  in  some  part  of  the  respiratory  apparatus 
to  separated  portions  of  the  intestinal  canal  or  of  the  air  passages,  or  to 
remains  of  the  connecting  link  between  the  two.  In  the  broad  ligaments 
and  tlie  Fallopian  tubes  the  cysts  spring  from  remains  of  the  canals  of 
the  Wolffian  body ;  in  the  abdominal  cavity  they  originate  in  part  from 
separated  portions  of  the  intestine  (eiüero-cysts)  and  in  part  from  the 
urachus  (uracJuis-cysfs).  Inside  the  glands— for  example,  in  the  liver  or 
in  the  kidneys — portions  of  the  gland  tubules  may  become  separated  dur- 
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ing  the  process  of  development  ,(ac?e?zo-c?/sfs),  and  from  these,  at  a  later 
period,  cysts  may  develop. 

Cysts  located  in  some  part  of  the  central  nervous  system,  or  in  its 
immediate  neighborhood,  may  take  their  origin  from  the  medullary 
tube  {myelo-cysts). 

The  mode  of  origin  of  cysts  lined  with  cylindrical  epithelium  can  be 
inferred,  in  the  majority  of  cases,  only  from  their  position  and  from  the 
character  of  their  walls,  and  yet  in  these  cases  there  is  no  room  for  doubt 
concerning  their  origin.  Our  conclusions  are  of  the  most  positive  char- 
acter in  those  cases  in  which  the  portion  of  tissue  separated  (Fig.  333, 
d,  e)  is  small,  and  still  retains  plainly  the  character  of  the  mother 
structure. 

The  significance  of  ectodermal,  entodermal,  and  mesodermal  cysts 
depends  upon  their  position,  size,  and  the  secondary  changes  which  oc- 
cur in  them.  The  size  varies  from  that  of  the  head  of  a  pin  to  that  of  a 
man's  head.  Among  the  secondary  changes — aside  from  simple  inflam- 
rnations — the  development  of  adenomata  and  carcinomata  should  be  men- 
tioned. It  is  in  this  manner  that  remains  of  the  Wolffian  body,  which 
are  x^resent  in  the  dorsal  wall  of  the  uterus  and  the  angles  of  the  tubes 
(von  Kecklinghausen)  often  develop  into  cystadenomata  or  adenomyo- 
mata.  In  dermoids  squamous  epithelial  cancers  (branchiogenic  and 
subcutaneous  carcinomata)  and  probably  also  cylindrical  epithelial  can- 
cers may  originate  from  portions  of  intestinal  mucous  membrane  (Fig. 
333)  which  have  become  separated  from  the  parent  organ  by  a  process 
of  constriction.  Cysts,  cystadenomata,  and  carcinomata  may  develop 
in  the  jaw  from  similarly  separated  portions  of  the  embryonic  dental 
epithelium. 

Cholesteatomata  ofthepia  are  regarded  by  many  authors  (Vircliow,  Eppinger)  as  en- 
dothelial structures,  although  it  seems  to  me  that  the  structure  of  these  formations  speaks 
against  such  an  assumption.  If  a  cholesteatoma  possesses  hairs  which  can  develop  only 
in  hair-follicles,  any  other  than  an  ectodermal  origin  is  excluded.  And  it  is  not  clear 
why  cholesteatomata  free  from  hair  should  have  a  totally  different  genesis  from  those 
bearing  hair.  Bostroem,  who  has  made  exhaustive  studies  of  this  subject,  also  arrives 
at  the  same  conclusion,  and  I  believe  that  his  researches  demonstrate  its  correctness. 

§  134.  Teratoid  cysts  of  a  more  complicated  structure  and  solid 

teratomata,  originating  outside  the  reproductive  glands,  appear  in  the 
same  localities  as  the  simple  teratoid  cysts,  but  show  a  particular  predi- 
lection for  the  region  of  the  coccyx.  The  complex  character  of  these 
cysts  is  shown  by  the  fact  that  cartilage,  bone,  fat,  mucous  glands, 
smooth  and  transversely  striated  muscle  fibres,  nerve  tissue,  and  tissue 
similar  to  that  of  sarcomata  and  carcinomata  may  be  found  in  the  cVst- 
wall.  Dermoid  cysts  may  also  contain  teeth,  and  even  ciliated  epithe- 
lial cysts.  Solid  teratomata  occur,  in  the  first  place,  in  the  form  of  hdnj 
polypi  (in  the  cavities  of  the  nose,  throat,  and  mouth) — that  is,  in  the 
form  of  polypoid  growths  which  are  covered  with  a  hairy  skin,  and 
which  are  made  up  essentially  of  fat,  but  which  may  also  contain  muscle 
fibres  and  cartilage,  bony  structures,  teeth,  and  cysts.  Then,  in  the 
next  place,  tumor-like  growths,  of  the  most  complicated  structure,  may 
appear  in  the  cranium,  the  neck,  the  lower  jaw,  and  by  preference  in 
the  coccygeal  region.  They  contain  the  most  diverse  tissues,  such  as 
connective  tissue,  fat,  cartilage,  bone,  gland  tissue,  muscle,  nerve  tissue, 
and  brain  substance,  as  well  as  ectodermal  and  entodermal  cysts.  They 
may  further   inclose  rudimentary  or  completely  formed   parts  of  the 
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body,  or  at  least  masses  which  can  be  readily  recognized  as  representing 
parts  of  the  body. 

The  complex  teratoid  cysts  and  solid  teratomata  are,  in  many  cases, 
to  be  regarded  as  local  disturbances  in  development  which  are  charac- 
terized by  the  fact  that  in  the  earlier  stages  of  embryonic  life  a  dis= 
placement  of  tissue  or  a  separation  of  tissue  by  constriction  has  taken 
place  in  a  single  individual  {monogerminal  tissue-implaidaiion ;  autocli- 
thonous  teratomata).  Hairy  polypi  of  the  throat,  as  well  as  the  cystic 
and  solid  teratomata  found  at  the  base  of  the  skull  or  in  the  hypophysis, 
can  be  explained  by  assuming  that  a  dislocation  of  ectodermal  tissue 
has  taken  place.  If  teratoid  cysts  of  the  mediastinum  contain  cartilage 
and  mucous  glands,  the  presence  of  these  tissues  may  be  exj)lained  by 
the  vicinity  of  the  trachea.  In  the  case  of  teratomata  in  the  region  of 
the  coccyx  the  manifold  character  of  the  growth  may  be  explained  by 
the  fact  that  not  only  portions  of  the  terminal  vertebrae,  of  the  pelvis, 
and  of  muscular  tissue,  but  also  remains  of  the  neuroenteric  canal,  of 
the  hind-gut,  and  of  the  medullary  tube  take  part  in  the  formation  of  the 
tumor.  It  is  also  possible  that  in  intracranial  teratomata,  as  in  simple 
dermoids,  the  basis  for  the  growth  is  furnished  by  embryonic  tissues 
which  have  been  displaced.  Then  besides,  in  these  growths  there  is  al- 
ways the  possibility  that  we  ma}^  be  dealing  with  the  presence  of  a 
rudimentary  twin,  or,  in  other  words,  that  Sihigerminal  implantation  has 
taken  place;  and  such  an  assumption  is  warranted  in  all  those  cases  in 
which  the  teratoma  contains  completed  or  rudimentary  parts  of  the 
body,  or  tissue  formations,  which  cannot  be  explained  by  assuming  that 
at  the  spot  in  question  the  tissue  elements  of  a  single  foetus  have  under- 
gone displacement  (compare  §  153). 

§  135.  Teratomata  of  the  ovary  and  of  the  testicle  occur  partly  in 
the  form  of  dermoid  cysts,  and  partly  in  that  of  solid  tumors  in  which 
multiple  cystic  formations  are  present.  The  dermoid  cysts  are  encoun- 
tered chiefly  in  the  ovar}^,  while  the  solid  tumors  occur  more  frequently 
in  the  testicle. 

The  so-called  dermoid  cysts  of  the  ovary  form  rather  thick-walled 
cysts  which  vary  in  size  from  that  of  a  pea  to  that  of  a  man's  fist,  and 
which  are  filled  with  fatty  material  inclosing  pale  hairs.  At  some  one 
point  in  the  wall  of  the  cyst  there  will  be  found  a  projecting  mass  of  tis- 
sue, lohicli  is  studded  icith  hairs  and  often  also  ivith  teeth  (Fig.  334,  h,  c,  d). 
This  mass  of  tissue  varies  greatly  in  ajjpearance  in  different  cases,  at 
one  time  Jjeing  provided  loith  villi,  at  another  time  presenting  the  aspect  of  a 
tuberosity  or  of  a  shcdlow  elevation,  and  at  still  another  time  extending  lilce 
a  diaphragm  across  the  cavity  of  the  cyst.  The  uppermost  layer  of  this 
prominence  possesses  all  the  characteristic  parts  of  skin,  viz.,  hair-folli- 
cles with  hairs,  sebaceous  glands,  and  sweat  glands  (sometimes  showing 
cystic  degeneration).  In  the  deeper  layers  are  found  other  tissue  forma- 
tions, such  as  cysts  and  tubules  lined  with  ciliated  cylindrical  epithelium, 
bone,  cartilage,  muscle,  brain  substance,  nerves,  mucous  glands,  and 
intestinal  mucosa,  as  well  as  pigmented  structures  resembling  the  rudi- 
mentary tissues  of  the  eye.  On  the  other  hand,  kidney  tissue,  or  liver 
tissue,  or  heart  muscle,  has  never  been  discovered  in  these  growths. 
The  ovary  alongside  the  dermoid  is  destroyed  or  else  only  traces  of  it 
remain. 

According  to  Wilms,  to  whom  we  are  indebted  for  the  most  laborious 
researches  concerning  these  growths,  ovarian  dermoids  cannot  be  ex- 
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plained  either  hy  the  assumption  of  a  displacement  of  germinal  matter, 
or  by  the  assumption  of  an  inclusion  of  a  rudimentary  twin.  The  latter 
view  is  excluded  by  the  mere  fact  that  in  about  fifteen  per  cent,  of  the 
cases  dermoids  occur  at  the  same  time  on  both  sides.  Wilms  holds 
strongly  to  the  view  that  these  ovarian  dermoids  are  rudimentary  em- 
bryos or  rudimentary  parasites,  loMch  develop  from  a  single  ovum,  and  in 
support  of  this  view  he  points  to  the  facts,  first,  that  these  structures 
contain  the  constituent  parts  of  all  the  germinal  layers,  and  second,  that 
in  the  formation  of  individual  constituent  parts  a  certain  uniformity 
prevails.     Thus,  for  example,  under  the  ectoderm,  which  projects  in- 


FlG.  334.— Portion  of  the  wall  of  an  ovarian  dermoid  cyst.  <x.  Smooth  part  of  the  wall ;  l»,  projecting  por- 
tion, made  up  of  fatty  and  cutaneous  tissues ;  c,  uneven  part  of  the  wall,  containing  hairs  and  teeth  (d),  and 
bending  upon  itself  in  the  upper  portion.    Life  size. 


ward  and  which  is  developed  to  a  much  higher  degree  than  any  of  the 
other  layers,  bones  are  found  which  we  are  warranted  in  classifying  as 
cranial  and  maxillary  bones,  and  also  at  the  same  time  brain  substance 
is  found  along  with  the  bones ;  whereas  the  entodermal  tissues,  which 
remain  in  a  rudimentary  condition,  form  the  outer  portion  of  the  tumor. 

Ovarian  dermoids  may  develop  at  any  period  of  life,  but  they  occur 
most  frequently  in  the  middle  period. 

Solid  teratomata  of  the  ovary  are  much  more  rare  than  dermoid 
cysts,  and  they  form  tumors  in  which  the  greatest  variety  of  tissue  forma- 
tions is  to  be  found.  These,  which  are  distributed  throughout  the 
growth  in  the  most  disorderly  manner,  comprise  epidermis,  epithelial 
pearls,  hairs,  sebaceous  glands,  sweat  glands,  tubules,  and  cysts  lined 
with  ciliated  epithelium,  acinous  glands,  connective  tissue  rich  in  cells, 
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adipose  tissue,  muscle,  cartilage,  and  bone — in  other  words,  constituent 
parts  of  all  the  three  germinal  layers.  In  rare  cases,  teeth,  intestine, 
thyroid  gland,  and  a  rudimentary  brain  may  be  present.  Wilms  is  of 
the  opinion  that  growths  of  this  character  have  developed  from  a  single 
ovum,  and  he  therefore  calls  these  teratomata  emhryoid  tumors. 

Teratomata  of  the  testicle  occur  principally  in  forms  which  are 
described,  according  to  their  structure,  as  cchnoajstomafa,  chondro- 
adenomata,  chondrosarcomata,  adenomyoHarcomata  (Fig.  336),  etc.  In 
some  cases  the  formation  of  cysts  with  fluid  contents  is  a  marked  feature 
of  the  tumor  (Fig.  298) ;  in  other  cases  cysts  are  found  only  in  certain 
parts  of  the  growth ;  and,  finally,  in  still  other  cases  the  tumor  is  en- 
tirely solid.  These  growths  sometimes  attain  the  size  of  a  child's  höad. 
In  some  instances  they  are  congenital,  but  more  commonly  they  develop 
in  adult  life  and  then  grow  rapidly. 

The  lining  of  the  cyst  presents  as  a  rule  the  character  of  entodermal 
tissue,  but  in  one  and  the  same  cyst  these  characteristics  may  differ 
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Fig.  335.— Congenital  adenocystoma  of  the  testicle,  with  formation  of  pigment  and  cartilage.  Qlüller's 
fluid;  hgematoxylin. )  a.  Connective-tissue  stroma:  /),  simple  cubical  epithelium;  c.  stratified  cylindrical 
epithelium;  d,  stratified  cilidted  cylindrical  epithelium;  e,  pigmented  epitheUum  lining  a  gland-tubule ;  f, 
pigmented  connective-tissue  cells ;  gr,  focus  of  cartilage  in  connective  tissue ;  /i,  focus  of  cartilage  in  a  gland- 
tubule.    Magnified  100  diameters. 


(Fig.  335) .  For  example,  at  one  point  there  may  be  a  single  layer  of 
cubical  epithelium  (Fig.  335,  h) ;  at  another,  simple  cylindrical  epithe- 
lium, both  with  and  without  cilia;  at  still  another,  ciliated  epithelium 
in  layers;  and  finally,  at  a  fourth,  pigment  epithelium  (e). 

Ectodermal  epithelium  is  present  only  in  scanty  amount  in  these  tu- 
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mors,  and  is  then  confined  to  a  few  groups  of  cells,  some  of  whicli  show 
the  characters  of  cornified  epithelium;  then,  again,  it  may  be  entirely 
absent,  or,  at  all  events,  in  the  case  of  large  tumors  it  cannot  be  demon- 


no.  3.%,— Adenorhabdomyoma  (teratoma)  of  the  testicle,    (Fonnalin:  hsematoxylln :  eosin.)    a,  Cellular  tis- 
sue, with  bauds  of  muscles ;  />,  gland  tube.    Magnified  100  diameters. 

strated.  In  addition  to  cysts,  glands  which  produce  mucus  may  also 
be  found  in  these  tumors. 

Among  the  framework  substances  connective  tissue,  mucous  tissue, 
cartilage  (Fig.  335,  g,  h),  at  times  also  muscle  (Fig.  336,  a),  adipose 
tissue,  and  rarely  bone,  are  present. 

Wilms  holds  that  these  growths  also  are  emhryoid  tumors — i.e.,  struc- 
tures which  are  composed  of  all  the  germinal  layers,  and  in  the  forma- 
tion of  which  the  entoderm  and  the  mesoderm  play  the  principal  part. 
Furthermore  he  believes  that  these  tumors  develop  from  a  single  sexual 
cell.  Other  authors  refer  their  origin  to  a  displacement  of  germinal 
matter. 

Dermoid  cysts  of  the  testicle  are  of  rare  occurrence.  They  develop, 
however,  as  often  in  children  as  in  adults.  In  their  structure  they  re- 
semble very  closely  the  ovarian  dermoids.  They  have  their  origin  in 
germinal  material  that  represents  all  three  germinal  layers,  and  accord- 
ing to  Wilms  they  also  should  be  looked  upon  as  rudimentary  ijarasites 
ivhich  Imve  originated  from  a  single  sexual  cell. 

The  researches  of  Wilms  were  carried  on  in  Bostroem's  laboratory  in  Giessen  on  a 
very  large  amount  of  material,  and  the  results  of  the  study  of  individual  cases  of  tera- 
toid tumors  of  the  reproductive  glands  agree  so  perfectly  that  the  hypothesis  advanced 
by  him  and  Bostroem  concerning  the  origin  of  these  tumors  appears  to  be  well  founded, 
and  especially  so  in  regard  to  the  theory  of  the  origin  of  the  so-called  dermoids.  In 
respect  to  the  other  mixed  tumors  of  the  reproductive  glands  the  assumption  of  a  dis- 
placement of  germinal  matter  cannot  entirely  be  discarded. 

Repin,  Duval,  and  Delbert  have  announced  similar  views  concerning  teratomata  of 
the  sexual  glands. 

Waldeyer  attributes  the  origin  of  dermoids  of  the  ovary  to  germinal  epithelium,  and 
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he  assumes  that  the  cells  of  the  latter,  in  their  character  of  undeveloped  eggs,  can  pro- 
duce further  products  in  the  direction  of  an  imperfect  embryonic  development. 

Pilliet  and  Costes  refer  the  origin  of  the  teratoid  tumors  of  the  testicle  to  a  further 
development  of  some  ovarian  tissue  which  remains  at  the  hilus  of  the  testicle,  or  to  a 
development  of  the  remains  of  the  Wolffian  body  w^hich,  although  forming  a  part  of  the 
testicle,  play  no  useful  part  in  its  physiological  work. 


CHAPTER  VIII. 

Disturbances  of  Development  and  the  Resulting 
rialformations. 

I.  General    Considerations   in    Regard    to    Disturbances  of    Develop« 
ment  and  the  Origin  of  rialformations. 

§  136.  After  the  union  of  the  sexual  elements  has  taken  place,  the 
development  of  the  embryo  progresses  by  a  continual  division  of  nuclei 
and  cells.  Along  with  this  division  there  arise  in  an  orderly  manner 
special  groupings  and  differentiations  of  the  cells,  leading  to  the  forma- 
tion of  special  tissues  and  organs.  The  cell-proliferation,  as  well  as  the 
development  of  the  individual  cell-groups  into  special  organs  and  parts 
of  the  body,  depends  upon  internal  causes,  and  is  controlled  by  charac- 
teristics which  the  embryo  has  received  by  transfer  of  inheritable  pater- 
nal or  maternal  characteristics  which  were  in  the  ascendant  at  the  mo- 
ment of  the  union  of  the  sexual  elements,  which  are  to  be  regarded  as 
the  carriers  of  inherited  characteristics.  It  follows  that  not  only  the 
characteristics  proper  to  the  species,  but  also  the  special  peculiarities 
of  the  individual,  are  predetermined  in  the  germ,  and  the  development 
of  the  embryo  proceeds  essentially  under  the  control  of  self-contained 
moulding  forces.  And  yet  this  development  is  not  accomplished  with- 
out an  influence  from  the  environment,  in  that  the  embryo  of  necessity 
receives  nourishment  from  the  maternal  organism,  and  is  exposed  to 
mechanical  influences  on  the  part  of  its  envelopes  and  the  uterus. 
These  influences  may  operate  to  modify  the  development  of  the  foetus. 

In  every  species  of  animal,  man  included,  the  bodily  form  and  the 
shape  of  the  organs  present  a  particular  type,  which  experience  has 
shown  recurs  continually,  and  which  is  therefore  looked  upon  as  normal. 
If  there  are  departures,  more  or  less  marked,  from  this  type,  which  are 
to  be  referred  to  an  abnormal  course  of  the  intra-uterine  development, 
the  condition  is  called  a  congenital  malformation.  If  the  departure 
from  the  normal  build  is  very  great,  so  that  the  affected  individual  is 
grossly  misformed,  it  is  spoken  of  as  a  monster. 

It  is  customary  to  use  the  term  malformation  to  designate  only  such 
anomalies  in  the  form  of  the  whole  body  or  individual  parts  of  it  as  pre- 
sent to  a  mere  external  inspection  rather  striking  departures  from  the 
normal.  It  is  nevertheless  entirely  correct  to  use  this  term  for  patho- 
logical conditions  of  intra-uterine  origin,  which  consist  not  so  much  in 
an  abnormal  change  in  form,  but  rather  in  a  partial  or  faulty  organiza- 
tion of  the  affected  part  or  organ. 

A  single  malformation  is  one  which  originates  from  a  single  indi- 
vidual, while  a  double  malformation  or  a  double  monster  is  one  which 
is  made  up  from  two  individuals. 

Malformations  may  arise  in  two  ivays :  from  internal  causes  and  from 
external  causes. 
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As  internal  causes  may  be  reckoned  all  such  as  already  exist  in  the 
germ,  so  that  in  the  development  of  the  embryo  abnormal  forms  arise 
spontaneously,  without  intervention  from  without.     When  such  a  mal- 


FiG.  337.— Malformation  of  the  head,  due  to  adhesions  of  the  membranes  to  the  frontal  region  (close  ad- 
hesions of  the  placenta  to  the  uterus),  a.  Cutaneous  sac  inclosing  a  vascular,  spongy  tissue  containing  abun- 
dant cysts;  b,  eye;  c,  distorted  lip  ;  (?,  funnel-shaped  depression  lined  with  mucous  membrane;  e,  left,  Ci, 
right,  ala  nasi ;  /,  fibrous  bands.    (Reduced  to  three-fourths  natural  size.) 


formation  occurs  for  the  first  time  in  a  family  it  must  be  regarded  as  a 
primary  germ-variation.  This  is  to  be  regarded  in  either  of  two  ways: 
there  may  have  been  an  abnormality  of  one  or  the  other  of  the  sexual 
nuclei  which  entered  into  union,  or  they  may  both  have  been  normal, 
but  from  their  union  a  variety  has  arisen  which  from  our  point  of  view 
is  to  be  looked  upon  as  pathological  (cf.  §  33).  It  is  also  possible  that 
disturbances  in  the  process  of  fecundation  can  give  rise  to  pathological 
variations. 

If  a  similar  malformation  has  already  occurred  in  a  parent,  the  case 
may  be  one  in  which  the  defect  has  been  inherited.  If  a  malformation 
which  has  appeared  is  a  peculiarity  which  was  not  present  in  one  of  the 
parents,  but  did  occur  in  remoter  ancestors,  while  it  was  wanting  in  the 
intermediate  links,  the  occurrence  is  spoken  of  as  atavism. 

As  primary  germ-variations  we  find  the  very  same  malformations 
that  occur  by  inheritance ;  in  other  words,  only  those  malformations  are 
inherited  that  have  originally  presented  themselves  as  primary  germ- 
variations.  To  these  malformations  that  may  be  transmitted  by  inheri- 
tance belong  an  increase  in  the  number  of  fingers  or  toes  (polydacty- 
lism),  malformations  of  the  hands  and  feet,  abnormal  hairiness,  harelip, 
and  certain  pathological  conditions  of  the  nervous  system,  as,  for 
example,  fibromata  of  the  peripheral  nerves. 
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Under  external  causes  of  malformations  the  first  to  be  considered 

are  jarrings,  pressure,  disturbances  in  the  supply  of  oxygen  and  nourish- 
ment, and  infections. 

Jarrings  of  the  uterus  can  very  likely  directly  damage  the  egg  at  an 
early  stage.  At  a  later  stage  in  the  development  of  the  embryo  the 
damage  worked  by  trauma  is  probably  more  often  to  be  looked  upon  as 
the  result  of  a  tearing  loose  of  the  egg  and  bleeding  from  the  decidua, 
leading  to  malnutrition  of  the  egg.  It  is  evident  that  bleeding  from 
other  causes,  changes  in  and  contaminations  of  the  maternal  blood,  as 
they  occur  in  infectious  diseases,  also  disease  of  the  uterus  itself,  will 
have  a  detrimental  effect  on  the  developing  egg ;  yet  all  of  these  condi- 
tions probably  lead  more  often  to  the  death  of  the  foetus  and  to  extrusion 
of  the  egg  than  to  the  development  of  a  malformation.  Infectious  dis- 
eases of  the  mother  may  be  transmitted  to  the  foetus  and  cause  there 
characteristic  disturbances.  An  abnormal  pressure  from  the  uterus  or 
the  membranes  may  be  exerted  upon  the  embryo,  especially  when  the 
amniotic  fluid  is  in  small  quantity.  Deformities  of  the  extremities — as, 
for  example,  club-foot,  flat-foot,  and  club-hand  (Fig.  340)^ — not  rarely 
show  signs  of  pressure  having  been  exerted. 

From  the  anatomical  appearances  in  some  malformations  it  appears 
that  pathological  conditions  of  the  amnion  are  particularly  likely  to 
exert  a  damaging  influence  on  the  embryo,  and  may  give  rise  to  a 
variety  of  malformations. 

This  may  be  occasioned  by  abnormal  adhesions  of  the  embryo  and  am- 
nion, as  well  as  by  pi^essure  of  the  amnion  upon  the  embryonic  rudiments. 
Even  at  the  birth  of  the  child  bands  and  threads  of  union  can,  not  infre- 
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Fig.  338.— Malformation  of  the  face,  caused  by  amniotic  adhesions  and  pressure  (asymmetry  of  the  face), 
a,  Misshapen  nose ;  &,  bj,  rudimentary  openings  between  the  eyelids  ;  c,  Ci,  clefts  in  the  upper  lip  and  alveo- 
lar process  of  tbe  upper  jaw ;  d,  intermaxillary  bone  with  prominent  lip  ;  c,  oblique  facial  Assure,  closed  so 
as  to  make  a  furrow  by  scar-tissues. 


quently,  be  made  out  (Fig.  337/,  and  Fig.  338),  and  their  connection 
with  the  misshapen  portion  of  the  child  leaves  no  aoubt  that  they  stand 
in  a  causal  relation  to  the  malformation.  Such  adhesions  may  give  rise 
to  severe  malformations  of  the  cerebral  (Fig.  337)  or  of  the  facial  (Fig. 
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338)  portions  of  the  head.  Not  rarely  portions  of  extremities  are  snared 
off  by  threads  of  the  amnion  (Fig.  339)  and  may  be  completely  ampu- 
tated and  then  absorbed. 

How  faf  these  connections  between  the  amnion  and  the  foetus  are  to 
be  referred  to  a  primary  adherence  and  intergrowth,  and  how  far  to  in- 
flammations of  later  occurrence,  is  as  yet  a  moot  question.  At  birth 
these  connections  are  often  no  longer  visible  and  the  affected  region 
presents  only  a  scar-like  appearance  (Fig.  338). 

According  to  Dareste  and  Geoffroy  St.  Hilaire,  an  abnormal  snug- 
ness  of  the  amnion  exerts  also  a  damaging  influence  on  the  embryo.  So 
it  is  also  claimed  that  abnormal  tightness  of  the  cephalic  cap  of  the 


Fig.  339. 


FIG.  340. 


Fig.  339.— a  hand  stunted  by  amniotic  adhesions;    ring-flnger  snared  off;  middle  and   index  fingers 
grown  together  and  distorted.    (Reduced  one-sixth.) 

Fig.  340.— a  hand  stunted  and  misshapen  by  pressure  ;  thumb  wanting ;  hand  flattened  ;  great  bending 
and  shortening  ol  the  forearm.    (Reduced  one-fifth.) 


amnion  is  capable  of  causing  the  malformations  known  as  anencephalia 
and  exencephalia  (§  141),  cyclopia  (§  141),  and  cebocephalia  or  arrhin- 
encephalia  (§  141) ;  while  alDnormal  tightness  of  the  caudal  cap  leads  to 
stunted  development  of  the  lower  extremities  (§  145).  Marchand  refers 
also  phocomelia  (§  145)  to  pressure  exerted  at  an  early  period.  Finally, 
clefts  which  occur  in  the  anterior  abdominal  and  thoracic  walls  (§  143) 
are  associated  with  a  deficient  growth  of  the  amnion;  still  the  latter 
condition  is  often  not  so  much  the  cause  as  it  is  a  concomitant  of  the 
malformation,  which  may  follow  from  a  variety  of  causes,  but  is  doubt- 
less often  to  be  classed  with  the  spontaneous  or  primary  malformations. 
The  period  at  which  the  damaging  influences  exert  themselves  natur- 
ally varies  much,  and  so  also  does  the  extent  of  the  damage.  The 
earlier  the  damage  occurs  the  more  extensive  it  generally  is.  Malfor- 
mations in  the  more  restricted  sense  arise  mostly  in  the  first  three 
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months,  a  period  when  the  body  and  its  individual  parts  are  assuming 
their  proper  forms.  Damage  to  the  foetus  at  a  later  period  occasions 
depoHures  ivhich  in  appearance  are  more  nearly  allied  to  those  acquired 
after  birth. 

Some  malformations  are  typical — that  is  to  say,  they  always  reap- 
pear in  the  same  form;  while  others,  again,  are  entirely  atypical,  so 
that  often  the  most  astonishing  anomaliei^  o\  form  arise.  The  latter  are 
mostly  the  result  of  harmful  influences  operating  secondarily  from  with- 
out, while  the  former  may  be  regarded  as  chiefly  iue  to  internal  causes. 
External  influences,  however,  may  also  cause  typical  deformities. 

Geoffroy  St.  Hilaire^  discards  entirely  the  teaching  of  primary  abnormality  of  the 
germ  (Haller  and  Winslow),  and  attributes  arrests  of  development  simply  to  mechanical 
influences.  Panum  2  agrees  with  him  in  general,  although  he  admits  the  possibility  of  a 
primary  abnormality.  In  hens'  eggs  he  produced  malformations  by  temperature  varia- 
tions of  the  incubator,  and  also  by  varnishing  the  shells.  Dareste  ^  made  similar  experi- 
ments, and  produced  deformities  due  to  arrests  of  development  by  setting  the  eggs  on 
end,  by  varnishing  the  shells,  by  raising  the  temperature  above  45°  C,  and  also  by 
irregular  warmdng  of  the  eggs. 

Very  recently  L.  Gerlach,  Fol,  Warynsky  Richter,  Roux,  and  Schnitze  have  experi- 
mented in  this  direction,  and  have  sought,  with  some  success,  to  produce  malformations 
in  hen  embryos  by  localized  influence  of  radiant  heat,  variations  of  temperature,  var- 
nishing the  eggs,  changes  of  position,  injuries,  removal  of  a  portion  of  the  white  of  the 
egg,  and  by  agitation.  Roux,  experimenting  on  frogs'  eggs,  found  that,  after  destruc- 
tion of  one  of  the  divisions  formed  by  the  primitive  streak,  the  other  continued  its  de- 
velopment to  the  formation  of  half  an  embryo,  demonstrating  that  the  portion  on  either 
side  of  the  primitive  streak  contains  within  itself  the  developmental  power  to  form  the 
corresponding  half  of  the  body.  But  the  body-half  which  is  wanting  may  be  later  re- 
placed by  subsequent  development  from  the  undestroyed  half,  and  a  whole  structure  be 
produced,  showing  that  a  half  contains  powers  to  produce  also  the  other  half. 

Schultze  experimented  on  the  eggs  of  amphibia.  They  normally  assume  a  position 
in  which  the  darkly  pigmented  protoplasm  of  lighter  specific  gravity  lies  above,  and  the 
heavier  clear  protoplasm,  rich  in  yolk  granules,  lies  below.  Malformations  may  be  pro- 
duced by  placing  the  eggs  in  an  abnormal  position  and  preventing  their  resuming  the 
normal  position  ;  and  the  degree  of  malformation  stands  in  direct  relation  to  the  size  of 
the  angle  which  the  attraction  of  gravity  makes  with  the  abnormally  placed  axis  of  the 
egg.  By  turning  the  egg  through  an  angle  of  180"  in  the  two-cell  stage  a  double  monster 
is  regularly  produced.  By  the  same  turning  in  the  eight-cell  stage,  development  is  com- 
pletely stopped.  All  this  shows  that  gravity  is  another  influence  capable  of  causing  dis- 
turbances of  development,  and  that  these  disturbances  arise  from  displacements  con- 
sequent upon  a  sinking  of  the  heavier  and  a  rising  of  the  lighter  constituents  of  the  egg. 

According  to  investigations  by  0.  Hertwig  the  eggs  of  Axolotl  when  kept  in  a  0.7- 
per-cent.  solution  of  sodium  chloride  undergo  a  pathological  development,  which  is, 
however,  restricted  to  the  central  nervous  system  in  the  region  of  the  head  and  buttocks. 
It  would  thus  appear  that  the  sodium-chloride  solution  affects  only  those  portions  of  the 
ectoderm  which  are  in  the  process  of  changing  into  ganglion  cells  ;  and,  as  a  result,  with 
otherwise  normal  development,  there  may  be  a  loss  of  portions  of  the  central  nervous 
system. 

For  the  production  of  a  malformation,  it  is  manifest  that  the  damage  to  the  embryo 
must  not  be  too  severe  ;  otherwise  the  embryo  will  die.  Above  all,  the  activity  of  the 
circulatory  apparatus  must  be  preserved.  If  the  embryo  dies,  it  is  either  expelled  from 
the  uterus  together  with  the  membranes,  or  it  is  absorbed  while  the  membranes  continue 
for  a  time  their  development.  A  malformed  foetus  cannot  sink  below  a  certain  mini- 
mum of  development  without  perishing  at  an  early  period,  unless  maintained  as  a  sort 
of  parasite  upon  another  foetus  developing  at  the  same  time  (cf.  §  154). 

§  137.    Single  malformations  may  conveniently  be  divided,  accord- 
ing to  the  sort  of  departure  which  characterizes  them,  into  five  groups. 
As  arrests  of  development,  or  monsters  due  to  defective  develop» 

^"Hist.  gön.  et  parti c.  des  anomalies  de  I'organisation  chez  I'homme  et  las  ani- 
maux,"  Paris,  1832-37. 

^"Untersuch,  über  die  Entstehung  der  Missbildungen,"  Berlin,  I860. 
^"Recherches  sur  la  production  artificielle  des  monstruosit^s,"  Paris,  1877. 
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ment,  are  classed  all  those  malformations  in  wliicli  the  whole  or  a  part 
of  the  body  is  abnormally  small  and  poorly  developed  {hypoplasia),  and 
also  the  malformations  characterized  b}'  absence  or  very  great  dwarfing 
{agenesia,  apjlasia)  of  individual  organs  or  parts  of  the  body.  In  this 
class  belong  absence  of  the  brain  or  parts  of  it,  or  abnormal  smallness 
of  the  brain ;  defects  in  the  septa  of  the  heart ;  absence  and  dwarfing  of 
the  extremities,  etc. 

Where  parts  of  the  body  or  organs  are  normally  formed  by  the  union 
of  distinct  centres  of  development,  and  by  a  primary  or  secondary  arrest 
of  development  this  union  fails  to  take  place,  arrests  of  development  may 
show  themselves  as  clefts  and  redupjlications.  Thus  imperfect  develop- 
ment of  the  plates  forming  the  anterior  body -wall  gives  rise  to  clefts  in 
the  median  line  of  the  thorax  aod  abdomen;  failure  of  the  maxillary 
processes  of  the  first  branchial  arch  to  unite  or  to  form  a  union  with  the 
intermaxillary  process  gives  rise  to  clefts  in  the  facial  portion  of  the 
head.  Deficient  union  of  the  earl}'  lateral  halves  of  the  female  genital 
tract  results  in  more  or  less  extensive  duj^lication  of  the  uterus  or 
vagina. 

Where  at  an  earh'  stage  the  beginnings  of  two  organs  lie  in  proxim- 
ity, they  ma}'  unite  so  as  to  produce  a  coalescence  or  adhesion  between 
tw'O  organs  or  parts  normally  distinct.  So  it  may  happen  that  the  kid- 
neys are  more  or  less  united,  and  the  eyes  may  be  more  or  less  com- 
pletely merged  into  a  single  organ.  Such  mergings  of  organs  arise  in 
two  ways :  from  secondary  union  of  divided  organs,  or  from  deficient 
separation  of  two  organs  which  develop  from  a  single  focus. 

flalformations  due  to  excessive  growth,  or  monsters  due  to  exces= 
sive  development,  are  characterized  sometimes  by  the  ahnonnal  size  of 
individual  parts,  sometimes  by  multiplication  of  their  number.  An  ex- 
tremity or  a  portion  of  a  finger  may  attain  an  abnormal  size  {partial 
giant  growth),  or  the  w^hole  body  may  be  included  in  the  abnormal 
grovi'th  (general  giant  growth).  These  are  examples  of  increase  in  size 
of  members.  A  multiplication  of  the  number  of  parts  occurs  notably  in 
the  glands  of  the  breast,  the  spleen,  the  suprareual  capsules,  and  the 
fingers.  In  the  case  of  glandular  organs,  if  additional  ones  occur,  they 
are  usually  called  supernumerary  organs  {Xehenorgane). 

Malformations  occur,  also,  through  an  abnormal  disposition  of 
parts  {monstra  p)^'i\fo.l>ricam  alienarn).  Under  this  head  are  included 
certain  anomalies  of  the  thoracic  and  abdominal  organs  which  are  char- 
acterized by  abnormal  positions  of  the  organs,  and  also  in  part  by  the 
changes  in  relations  between  individual  parts.  In  this  class  belongs 
the  transposition  of  the  organs  of  the  thorax  or  abdomen,  or  of  both  at 
the  same  time  {situs  transversus).  Various  cases  of  defective  formation 
in  the  heart  and  great  vascular  trunks  may  also  be  classed  here,  though 
more  properly  these  conditions  should  be  looked  upon  as  arrests  of  de- 
velopment. 

A  fourth  group  of  malformations  is  caused  by  the  presence  of  tissues 
in  unusual  situations  and  the  persistence  of  foetal  structures,  as  already 
spoken  of  in  §§  133  and  134. 

Finally,  a  fifth  group  includes  malformations  exhibiting  a  mixture 
of  the  sexual  characteritics,  subdivided  into  true  and  false  hermaphro- 
dites. True  hermaphrodites  possess  both  a  male  and  a  female  generative 
gland.  False  hermaphrodites  are  unisexual,  but  the  remainder  of  the 
sexual  apparatus  does  not  correspond  to  the  generative  gland,  or  there 
is  a  simultaneous  formation  of  organs  belonging  both  to  the  male  and 
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to  the  female.  A  part  of  these  malformations  are  arrests  of  develop- 
ment ;  others  are  to  be  regarded  as  cases  in  which  from  the  original  bisex- 
ual embryonic  formation  the  organs  of  both  sexes  have  attained  develop- 
ment, whereas  normally  the  structures  characteristic  of  one  sex,  instead 
of  developing,  dwindle  away  and  persist  only  in  a  very  rudimentary 
form. 

§  138.  Double  monsters  {monstra  dupUcia)  are  instances  of  a  dupli- 
cation of  the  whole  body  or  of  parts  of  the  body.  The  twins  are  always 
of  the  same  sex,  and  are  mostly  united  together  at  corresponding  parts 
of  the  body.  The  duplicated  parts  exhibit  sometimes  equal,  sometimes 
unequal  development;  in  the  latter  case  one  of  the  parts  is  dwarfed  and 
appears  as  a  parasitic  appendage  to  the  well-developed  individual.  This 
permits  a  subdivision  into  an  equal  and  an  unequal  form  of  double 
monster. 

All  double  monsters  come  from  a  single  egg,  and  develojJ  from  a  single 
germinal  vesicle. 

Several  views  of  the  origin  of  double  monsters  may  be  entertained. 
First,  it  may  be  supposed  that  two  embryonic  areas  arise  in  the  wall  of 
a  single  blastodermic  vesicle,  which  grow,  impinge  one  on  the  other,  and 
blend  to  a  greater  or  less  extent.  A  second  possibility  is  the  formation 
within  a  single  embryonic  area  of  two  primitive  streaks  and  two  medullary 
grooves,  which  either  remain  separate  or  partially  merge  one  into  another. 
A  third  case  would  be  one  in  which  the  primitive  streak  was  single,  but 
the  medullary  groove  was  double  either  in  a  part  or  in  the  whole  of  its 
extent.  Finally,  it  may  be  that  a  dui)lication  takes  place  at  a  later  period 
of  development,  and  then  affects  only  individual  parts. 

In  all  of  the  above  possible  modes  of  duplication  the  duplication 
takes  place  by  a  double  formation,  at  a  certain  stage  in  development,  of 
a  part  that  is  normally  single.  In  the  first  instance  the  duplication  dates 
from  the  period  of  formation  of  the  embryonic  area;  in  the  rest  it  begins 
within  the  embryonic  area.  In  the  first  three  instances  it  affects  the 
structures  in  the  body-axis,  in  the  fourth  it  is  confined  to  such  as  do  not 
lie  in  the  body-axis. 

To  explain  the  formation  of  double  monsters,  it  is  essential  to  sup- 
pose a  duplication  of  parts  of  the  blastodermic  vesicle  or  of  the  embry- 
onic area.  The  only  question  is  how  far  it  may  be  possible  for  a  doub- 
ling that  has  already  taken  place  to  disappear  by  a  subsequent 
blending.  Thus,  if  there  are  two  entirely  distinct  embryonic  areas,  it 
may  be  asked  whether  only  separate  homologous  twins  can  arise,  or 
whether  a  merging  can  take  place  at  an  early  stage.  From  the  observa- 
tions and  experiments  on  this  subject  it  may  be  accepted  without  ques- 
tion that  embryonic  areas  which  are  already  in  the  process  of  develop- 
ment can  merge  together. 

The  causes  of  a  duplication  of  the  embryonic  beginnings  in  a  single  blastodermic  vesicle 
are  as  yet  little  understood.  Fol  supposes  that  by  an  abnormal  impregnation  of  the 
ovum  by  two,  three,  or  more  spermatozoa  double  and  multiple  monsters  arise  ;  but  other 
observations  (Born)  indicate  that  ova  impregnated  by  two  or  more  spermatozoa  do  not 
develop.  According  to  Marchand,  the  duplication  of  the  embryonic  beginnings  is  to 
be  referred  back  to  conditions  existing  within  the  ovum  previous  to  fertilization  or  to 
the  character  of  the  fertilization.  Wiedemann  inclines  to  the  view  that  the  origin  of 
the  double  monster  dates  from  the  moment  of  impregnation  and  is  due  to  the  impregna- 
tion of  ova  containing  two  blastodermic  vesicles  by  two  spermatozoa. 

In  recent  years  successful  experiments  have  been  made  in  the  production  of  double 
monsters  from  the  eggs  of  animals.     They  were  conducted  by  Gerlach,  0.  Schnitze,  and 
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Born.  Gerlacli  produced  double  monsters  (anterior  duplication)  from  hens'  eggs  by- 
varnishing  them  before  incubating,  and  leaving  only  a  Y-shaped  spot  in  the  region  of 
the  primitive  streak  free.  Schultze  produced  double  monsters  by  turning  frogs'  eggs 
through  an  angle  of  180°  (cf.  §  136).  Born  succeeded  in  uniting  together  portions  of  the 
larvae  of  amphibia,  not  only  of  the  same  kind,  but  also  of  different  species  and  families 
(rana  esculenta  with  bombinato  rigneus  and  with  triton).  From  all  these  experiments 
the  conclusion  may  with  certainty  be  drawn  that  double  formations  may  be  produced 
from  a  normally  constituted  egg  through  secondary  influences,  and  that  neighboring 
embryonic  elements  may  merge  and  grow  one  into  the  other. 


II.  Special    flalformations  in  flan. 

1.  Arrests  of  Development  in  a  Single  Individual, 

(a)    Arrest  in  the  Development  of  all  the  Embryonic  Elements. 

§  139.  Arrest  in  the  development  of  all  the  embryonic  elements 

manifests  itself  in  two  ways.  If  the  disturbance  is  very  marked,  further 
development  becomes  impossible,  and  the  embryo  either  dies  at  once  or 
it  becomes  stunted  and  after  a  certain  time  perishes.  If  the  disturbance 
is  not  so  great  a  normally  formed  foetus  develops,  but  it  remains  small 
and  weakly — in  other  words,  a  dwarf  is  formed  (nanosomia  or  micro- 
somia). 

AVhen  a  foetus  dies  it  is,  in  the  majority  of  cases,  expelled  from  the 
uterus  along  with  its  membranes  (abortion).  In  the  earliest  periods  of 
development  the  embryo  may  disappear  by  absorption.  The  mem- 
branes are  usually  expelled ;  but  they  may  also  remain  for  a  time  and  suf- 


FiG.  341.— Portion  of  a  mole,  presenting  the  form  of  a  bunch  of  grapes.    (Natural  size.) 

fer  further  changes.  Most  frequently  they  form  flesh=,  thrombus=,  or 
blood=moles — fleshy  masses  consisting  of  the  membranes  and  blood- 
clots.  The  clots  form  the  chief  bulk,  come  from  the  placenta  matema, 
and  are  often  the  cause  of  the  death  of  the  foetus.  In  the  case  of  the 
so-called  grape=mole  (Fig.  341)  the  villi  of  the  chorion  or  of  the  pla- 
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centa  undergo  an  enormous  dropsical  swelling,  as  a  result  of  whicli 
portions  of  the  villi  expand  to  bladder-like  structures  held  together  by 
delicate  connecting  strands.  In  this  process  the  solid  portions  of  the 
connective  tissue  are  thrust  apart  by  fluid  and  eventually  undergo  lique- 
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Fig.  342.— Lithopsedion  entirely  inclosed  in  fibrous  membranes.  (Removed  from  abdominal  cavity  by 
operation  tvv^o  years  after  beginning  of  pregnancy.)  Extra-uterine  pregnancy  caused  by  embryo  breaking 
through  uterine  portion  of  a  Fallopian  tube  into  abdominal  cavity.    (Reduced  one-third.) 

faction,  especially  in  the  central  portions.  The  epithelium  of  the  villi 
shows  in  some  places  proliferation,  in  others  dropsical  degeneration. 

The  death  of  a  foetus  in  an  advanced  stage  of  development  results, 
provided  it  be  not  expelled,  in  the  formation  of  a  lithop^dion.  This 
occurs  most  frequently  in  cases  of  extra-uterine  pregnancy,  in  which  the 
foetus  occupies  an  abnormal  site,  as  in  the  peritoneal  cavity,  in  a  Fallo- 
pian tube,  or  in  an  ovary.  If  a  foetus  so  placed  dies  at  such  an  advanced 
state  of  development  that  it  cannot  be  absorbed,  it  may  be  carried  in  the 
maternal  organism  for  years.  Not  infrequently  its  form  is  perfectly  re- 
tained (Fig.  342),  and  the  whole  foetus  becomes  enshrouded  in  an  en- 
velope of  connective  tissue.  In  other  cases  the  foetus,  in  the  course  of 
time,  becomes  converted  into  a  partially  fluid  mass,  which  contains  the 
osseous  remains,  as  well  as  fat,  Cholesterin,  and  pigment,  and  is  inclosed 
in  a  fibrous  capsule.  Usually  lime  salts  are  deposited  in  the  new-formed 
capsule,  as  well  as  in  the  foetal  elements  that  remain. 

All  of  these  forms  are  included  in  the  term  lithopsedion,  but  they  are 
subdivided  under  three  heads  (Küchenmeister).     The  foetus  may  be 
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mummified,  but  easily  shelled  out  from  calcified  membranes  (litho- 
ceh/pJios).  Or  the  foetus  may  become  adherent  at  a  number  of  points 
with  the  membranes,  and  later  these  jooints  become  calcified,  while  the 
remaining  jiarts  undergo  mummification  {Uthocehjphopwdio})).  Or, 
again,  the  membranes  may  rupture  and  the  foetus  be  discharged  free 
into  the  peritoneal  cavity,  and  later  become  encrusted  with  lime-salts 
(b'fJiopfrdion  in  the  narrower  sense). 

According  to  observations  of  His,'  an  embryo  may  for  one  reason  or  another  come 
to  a  standstill  in  its  development,  and  yet  be  retained  for  weeks  or  even  months  in  its 
envelopes.  The  first  change  that  takes  place  at  the  approach  of  death  is  a  gi-eat  swelling 
of  the  central  nervous  system,  which  leads  to  deformities  of  the  head.  Later,  the  tissues 
become  infiltrated  with  wandering  cells,  which  make  the  boundaries  between  the  organs 
vague.  The  whole  embryo  becomes  soft  and  dark,  and  the  superficial  configuration  of 
the  body  may  become  indistinct. 


(b)   Deficient  Closure  of  the  Cerebrospinal  Canal  and  the  Accompanying  Malformations 

of  the  Nervous  System. 

§  140.  Deficient  closure  of  the  vertebral  canal  leads  to  the  malfor- 
mations known  as  rachischisis  or  spina  bifida.  Where  the  defect  in  the 
vertebral  canal  is  broad  so  that  at  the  bottom  of  the  cleft  the  bodies  of 
the  vertebrae  are  seen  covered  by  membrane  the  condition  is  usually 
•called  rachischisis.  Where,  at  the  site  of  the  defect,  there  is  a  sac  which 
protrudes,  the  malformation  is  usually  called  sjnua  hißda  or,  more  cor- 


FiG.  343.— Cranlorachischisis,  with  total  absence  of  the  brain  and  spinal  cord.  The  skull  is  covered  with 
irregular  skin-like  masses,  the  spinal  furrow  with  a  delicate  envelope  (pia  mater).  K}T)holordotic  bending 
and  shortening  of  the  spinal  column.    (Reduced  one-sixth.) 


rectly,  spina  hifida  cystica  :  though  to  this  formation  the  names  rachi- 
schisis cystica  or  hydrorachis  cystica  may  also  be  applied. 

In  rachischisis  totalis  {hoJprachischisis,  Fig.  343)  the  bodies  of  the 

^"Fragend,  path.  Embryologie";  Intern.  Beiträge,  Festschr.  f.  Virchow,  i..  1891- 
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vertebrae  form  a  shallow  groove  open  posteriorly,  and  usually  covered 
only  by  a  thin,  transparent  membrane ;  though,  in  rare  cases,  there  are 
rudiments  of  spinal  cord  in  the  form  of  whitish  bands  and  lines  {total  or 
partial  amyelia) . 

The  delicate  membrane,  which  lines  the  farrow  and  rests  upon  the 
dura  mater  covering  the  bones,  is  the  ventral  portion  of  the  j^ia  mater 
spinalis.  A  part  of  the  nerve-roots  may  have  undergone  development 
and  be  seen  springing  from  rudiments  of  spinal  cord  or  from  spinal 
ganglia. 

Partial  rachischisis  (rnerorachischisis)  involves  usually  the  sacro- 
lumbar  or  the  upper  cervical  region,  while  the  intermediate  portions  of 
the  vertebral  column  are  sel- 


h 

At- 


dorn  the  seat  of  malformation. 

The  dorsal  surface  of  the 
vertebral  bodies  whose  arches 
have  remained  rudimentary 
is  mostly  covered  by  a  mass 
of  velvety  red  tissue  (Fig.  344, 
(?)  (von  Recklinghausen)  closed 
in  by  a  delicate  integument; 
though  the  amount  of  this  tis- 
sue may  be  very  small,  or  may 
even  be  wanting.  External  to 
this  tissue-mass,  which  is  not 
everywhere  equally  abundant, 

and   which    decreases    at    the        .__ 

sides,    comes    usually   a  deli-  \' 

cate,       transparent,      vascular 

skin    (Fig.     344,    e) ;    next,   a  d— 

zone  of  skin  with   an   epider-  ^       \ 

mis,     but    somewhat    thinner 

than  the  normal  skin,  and  often 

bearing   abundant  hairs   (Fig. 

344,  /');    then,   finally,   comes 

the  normal  skin. 

The  soft  red  tissue-mass  (c) 
lying  in  the  median  line  is  the 
rudiment  of  the  malformed 
spinal  cord,  and  is  an  ex- 
tremely vascular  tissue,  con- 
taining   often     more    or    less 

abundant  parts  of  the  spinal  cord,  as  nerve-fibres,  ganglion-cells,  and 
glia-cells,  and  is  therefore  appropriately  called  area  rnedullo-vascidosa 
(von  Recklinghausen). 

The  area  medullo-vasculosa  is  sometimes  a  continuous  tissue;  some- 
times it  is  scattered  in  jjatches  and  bands,  and  forms  only  a  delicate 
web.  The  cranial  as  well  as  the  caudal  extremity  of  this  median  area 
may  end  in  a  distinct  furrow,  designated  respectively  as  the  cranial  and 
the  caudal  polar  fur roiu  (Polgruhe—\on  Recklinghausen)  (d,  <:/,).  An- 
teriorly this  is  next  to  the  spinal  cord  (h) ;  in  lumbrosacral  rachischisis 
it  is  connected  caudally  with  the  filum  terminale.  The  tegument  on 
which  the  area  lies  is  only  the  pia  mater,  which  also  continues  into  the 
red  zone  spoken  of  above  (e),  which,  being  covered  also  with  epithelium, 
is  designated  as  the  zona  ejnthelo-serosa  (von   Recklinghausen).     The 


Fig.  344.— Each iscMsis  partialis.  (After  von  Reckllng- 
haiisen.)  a.  Outer  skin  with  hairs;  b.  spinal  cord,  laid 
bare  bj-  dissection  ;  c.  area  medtiUo-vasculosa  ;  d.  cranial. 
f/j.  caiidal  polar  furrow;  e.  zona  epithelo-serosa ;  f.  zona 
dermatica  with  hairs :  (j.  space  between  dura  mater  and 
pia;  /).  anterior,  Z?,,  posterior  nerve-roots;  i,  ligamentum 
denticulatum. 


408  RACHISCHISIS   CYSTICA. 

prominent  zone  bordering  this  and  covering  the  rudiments  of  the  pos- 
terior vertebral  arches  (/),  is  formed  of  cutis  and  is  known  as  the  zona 
dermatica. 

On  the  ventral  side  of  the  pia  mater  that  forms  the  covering  of  the 
defect  is, a  cavity  (^),  bounded  on  its  deeper  side  by  the  dura  mater  and 


Fig.  345.— Spina  biflda  sacralis.  (After  Froriep  and  Förster.)  Girl  of  nineteen  years,  bom  with  a  tumor 
the  size  of  a  pigeons  egg  over  the  upper  sacral  and  lower  lumbar  regions,  which  enlarged  from  the  sixth  year 
on,  while  at  the  same  time  club-feet  developed. 

the  external  layer  of  the  arachnoid ;  so  that  this  space  is  in  reality  the 
ventral  portion  of  the  subarachnoid  space,  and,  as  is  normal  with  this 
space,  is  crossed  by  the  ligamentum  denticulatum  (/)  and  the  nerve- 
roots  (h,  hX  which,  in  the  region  of  the  area  medullo-vasculosa,  lose 
themselves  in  the  x^ia-like  tissue. 

Spina  bifida  cystica  or  rachicele  {racJiiscJnsis  cystica)  occurs  in  three 
types:  mi/elomonnr/occle,  riienuKjocele,  and  myelocysfocele.  According  to 
its  site  we  may  further  distinguish  a  cervical,  a  dorsal,  a  lumbar,  a 
lumbo-sacral,  and  a  sacral  spina  bifida.  In  general  a  spina  bifida  is 
characterized  by  the  development  of  a  fluctuating  tumor,  which  is  in 
most  cases  visible  externally  behind  the  spinal  column  (spina  hijida  pos- 
terior) ;  but  instances  also  occur  in  which  the  sac  projects  anteriorly 
from  the  spinal  canal  (spina  hißda  anterior),  and  others  in  which  it  is 
too  small  to  be  visible  externally  [spina  hißda  occulta). 

flyelomeningocele  occurs  most  often  as  a  spina  hißda  lumhosacralis 
and  forms  usually  a  tumor,  at  birth  varying  from  the  size  of  a  nut  to 
that  of  an  api^le  and  after  birth  increasing  in  size,  in  the  region  of  the 
lower  lumbar  and  upper  sacral  vertebrae.  It  is  covered  either  by  smooth 
or  scar-like  skin,  or  may  be  without  any  skin  on  its  summit  and  there 
clothed  by  a  reddish,  mucosa-like  tissue  (area  medullo-vasculosa).  The 
portion  devoid  of  skin  may  be  drawn  in  like  a  scar.  In  rarer  cases  there 
may  be  no  external  tumor  (spina  bifida  occulta),  the  site  of  the  cleft  being 
indicated  only  by  a  heavier  growth  of  hair  or  by  a  depression. 

On  opening  the  sac,  which  is  composed  of  the  arachnoid  (Fig.  346,  e) 
and  pia  {f,fj,  while  the  dura  (g)  does  not  reach  to  the  dorsal  i^ortion 
of  the  sac,  one  sees  that  the  lower  end  of  the  cord  (h^)  is  drawn  outward 
and  that  the  cavity  of  the  sac  is  crossed  by  nerve-roots  (/,  i^).  Occa- 
sional nerve-roots  (h)  may  also  spring  from  the  column  of  the  cord  as  it 
courses  through  the  sac. 

According  to  these  findings  there  is  an  accumulation  of  fluid  in  the 
meninges,  a  hjdromeningocele  (hydrorrachis  externa  circumscripta), 
which  is  combined  with  a  prolapse  of  the  spinal  cord,  a  myelocele.  At 
the  site  of  the  protrusion  the  vertebral  arches  are  defective,  and  this  de- 
fect may  reach  as  far  as  the  hiatus  sacralis.  Smaller  defects  maj^  involve 
only  one  or  two  vertebrae. 

Dorsal  and  cervical  myelomeningoceles  are  much  rarer  than  those  in 
the  lumbo-sacral  regions.  The  deficiency  in  the  vertebral  arch  is  usually 
confined  to  one  or  two  vertebrae.     The  cord  here  is  involved  in  the  me- 
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ningocele  in  so  far  that  portions  are  drawn  outward  in  the  form  of  a  band 
or  a  cone. 

Hydromeningocele  spinalis  arises  from  a  hernial  protrusion  of  spinal 
arachnoid,  caused  by  a  circumscribed  collection  of  fluid  in  the  subarach- 
noid space.  It  may  occur  at  the  upper  end  of  the  spinal  column,  when 
there  exists  a  cleft  of  the  superior  cervical  vertebrae,  together  with  her- 
nia of  the  brain  in  the  occipital  region.  Most  frequently,  however,  it 
occurs  in  the  sacral  region,  and  here  the  hernial  protrusion  takes  place 
either  through  a  defect  in  the  vertebral  arches  and  vertebral  bodies,  or 
through  the  hiatus  sacralis,  or  between  vertebral  arches,  or  through  in- 
tervertebral foramina.  In  most  cases  the  dura  has  no  share  in  the  for- 
mation of  the  sac ;  but  views  differ  on  this  point  and  some  authors  (Hil- 
debrand) describe  a  dural  sac.  By  a  progressive  accumulation  of  fluid 
the  sacs  may  attain  a  very  considerable  size.  Small  meningoceles  may 
remain  concealed  in  the  deep  tissues. 

In  accordance  with  the  direction  the  hernia  takes  we  may  distinguish 
a  meningocele  posterior  and  a  meni/igocele  anterior,  the  latter  taking  place 
through  a  defect  in  the  bodies  of  the  vertebrae  {rachischisis  anterior). 

A  myelocystocele  or  hydromyelocele  (syringomyelocele)  has  its  origin 
in  an  expansion  of  the  central  canal  of  the  spinal  cord,  as  a  result  of 
which  a  more  or  less  considerable  portion  of  the  cord,  together  with  its 
connective-tissue  envelopes,  becomes  a 
cystic  tumor.  The  dura  is  wanting  in 
the  portion  of  the  sac  which  has  pro- 
truded outside  the  vertebrae. 

According  to  von  Eecklinghausen, 
the  wall  of  these  sacs  is  formed,  in  the 
main,  of  the  spinal  membranes,  but  is 
lined  on  the  inner  surface  by  a  cylindri- 
cal epithelium,  and  has  at  some  part  of 
its  inner  surface  an  area  meduUo-vascu- 
losa — usually  on  the  ventral,  seldom  on 
the  dorsal  side.  Corresponding  with  this 
condition,  the  nerve-roots,  if  they  are 
present,  spring  mostly  from  the  ventral, 
seldom  from  the  dorsal  wall  of  the  sac. 
The  cavity  itself  is  crossed  neither  by 
bands  nor  by  nerves. 

Myelocystoceles  occur,  in  the  major- 
ity of  cases,  in  conjunction  with  lateral 
clefts  of  the  vertebral  canal,  and  have 
a  tendency  also  to  be  combined  with 
defects  and  asymmetries  of  the  bodies  of  the 
vertehrce,  leading  often  to  shortening  of 
the  trunk  :  sometimes  affecting  only  the 
dorsal  region,  and  sometimes  including 
also  the  lumbar  region.  There  '  is 
often,  also,  ecstrophy  of  the  bladder,  intestine,  and  abdominal  cavity. 

Myelocystoceles  are  mostly  covered  only  by  the  outer  skin,  but  are 
sometimes  concealed  deep  down  in  the  soft  parts.  They  may  further- 
more be  combined  with  meningoceles,  producing  myelocystomeningo= 
celes. 

In  cases  of  rachischisis  there  is  sometimes  a  division  of  the  spinal 
cord  into  two  parts  {diastematomyelia),  usually  where  the  rachischisis 


Fig.  3i6.— Myelomeningocele  sacralis  in 
sagittal  section,  a  little  to  the  left  of  the 
median  line.  (After  von  Recklinghausen.) 
a.  Skin :  b.  spmal  cord ;  ?:», .  column  of  the 
cord;  c.  area  medullo-vasculosa :  d.  cra- 
nial, cZj.  caudal  polar  groove :  e.  pia  mater  ; 
f,  arachnoid,  somewh^at  separated  from  the 
pia  mater;  /j.  portion  of  the  pia  mater 
turned  over;  g,  dura  mater;  7).  recurrent 
roots  of  the  fourth  lumbar  nerves :  ;.  radLx 
anterior,  ij.  radix  posterior  of  the  fifth  lum- 
bar nerve,  nmning  free  in  the  arachnoid 
sac ;  k.  sacral  nen"e-roots  between  the 
arachnoid  and  pia  ;  U  fllum  terminale. 
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is  total — that  is,  where  generally  onh'  rudiments  of  spinal  cord  are  in- 
dicated. Where  there  is  partial  rachischisis  such  divisions  are  rarer ; 
but  the  separate  cords  are  more  fully  developed,  and  the  fibrous  and 
bony  envelopes  may,  at  the  beginning  and  end  of  the  cleft,  send  dividing 
septa  between  them.  Cases  occur  in  which  each  cord-half  shows  an 
H-shaped  area  of  gray  matter. 

The  production  of  rachischisis  is  to  be  referred  back  to  agenesia  and 
hypoplasia  of  the  medullary  folds,  which  should  form  the  medullary 
groove  of  the  vertebral  arches ;  and  the  agenesia  of  the  spinal  cord  is 
also  to  be  referred  back  to  the  very  earliest  period.  Whether  it  be  a 
question  of  primary  agenesia,  already  predetermined  in  the  elemental 
germ,  or  whether  damaging  influences  from  without,  perhaps  toxic  sub- 
stances (Hertwig),  pressure  from  without  or  growing  in  of  membranes, 
may  have  secondarily  checked  development  or  destroyed  parts  already 
formed,  it  is  in  most  cases  difficult  to  determine ;  yet  the  symmetrical 
distribution  of  the  arrested  development  tends  to  support  the  former 
view. 

In  cases  of  spina  bifida  with  hernial  x:)rotrusion,  the  local  defects  in 
the  bony  vertebral  column  and  the  deficient  development  of  the  dura  mater, 
which  is  usually  wanting  at  the  site  of  the  protrusion,  are  to  be  regarded 
as  the  primary  defects.  The  growth  of  the  sac  may  be  explained  by 
congestive  and  inflammatory  transudation,  and  relics  of  inflammatory 
changes,  as  thickenings  and  membranous  adhesions,  may  even  some- 
times be  demonstrated  in  the  pia. 

In  the  earliest  embryonic  period,  tlie  medullary  groove  is  formed  by  the  development 
on  either  side  of  the  median  line  of  wall-like  elevations  of  the  ectoderm.  By  converg- 
ing growth  of  these  elevations  the  medullary  groove  is  closed  and  formed  into  the  neural 
canal.  Thereupon  the  masses  of  cells  (primitive  vertebral  plates)  lying  at  the  sides  of 
the  newly  formed  canal,  form  an  envelope  about  it,  which  gives  rise  in  the  first  place  to 
a  membranous,  non-articulated,  vertebral  column.  This,  at  the  beginning  of  the  second 
month,  becomes  studded  with  discrete  cartilaginous  elements,  from  which  in  the  course 
of  the  further  development  the  vertebral  bodies  and  arches  are  formed,  while  between 
them  appear  the  intervertebral  discs  and  the  vertebral  ligaments.  The  development  of  the 
■cartilaginous  vertebrse  is  not  completed  until  the  fourth  month,  and  until  then  the  dorsal 
covering  of  the  neural  canal  consists  of  the  united  portions  of  the  membranous  vertebral 
column.     The  cartilaginous  vertebrge  are  replaced  in  the  course  of  development  by  bone. 

As  to  the  origin  of  myelocystoceles  and  myelocystomeningoceles,  one  cannot,  ac- 
cording to  von  Recklinghausen,  ascribe  as  a  cause  either  the  persistence  of  a  connection 
between  the  neural  canal  and  the  epiblast,  or  an  excessive  stretching  of  the  medullary 
groove-wall  through  bending  of  the  axis  of  the  embryo.  According  to  him,  the  myelo- 
cystocele is  a  deficient  gi'owth  in  the  long  axis  of  the  vertebral  column,  characterized 
anatomically  by  shortness  of  the  column,  by  failing  of  vertebrae  or  portions  of  vertebrae, 
by  separation  of  bony  wedges  from  the  bodies  of  the  vertebrae,  and  by  unilateral  defects 
in  the  arches.  The  neural  canal,  then,  pursuing  its  normal  development,  becomes  too 
long  for  the  vertebral  canal,  undergoes  in  consequence  curling  or  kinking,  and  there  is 
a  tendency  to  a  partial  protrusion  at  the  point  where  the  bend  is  sharpest.  Marchand, 
on  the  other  hand,  holds  that  this  hypothesis  does  not  fit  all  cases,  and  Arnold  also 
believes  that  the  causal  relations  between  arrests  of  development  in  the  muscle-plates 
and  vertebral  elements  on  the  one  hand,  and  those  of  the  neural  canal  on  the  other  hand, 
are  not  constant,  but  that  a  variety  of  disturbing  influences  may  give  rise  to  one  or  more 
of  these  anomalies. 

According  to  0.  Kertwig,  the  ordinary  spina  bifida  is  an  arrest  of  development 
dependent  upon  a  partially  prevented  closure  of  the  primitive  mouth  cleft. 

§  141.  Faulty  development  of  the  cranial  vault  and  the  associated 
hindrance  to  the  development  of  the  brain  lead  to  the  malformations 
which  are  termed  cranioschisis,  acrania,  hemin-ania,  microcephalus,  anen- 
cephalus,  exencephalns,  micrencephalus,  and  cephalocele. 

Acrania  and  hemicrania  or  cranioschisis  are  the  results  of  an  agene- 
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sia  or  hypoplasia  of  the  bony  and  membranous  portions  of  the  cranial 
vault,  which  has  either  arisen  as  a  primary  disturbance  of  growth,  or 


Fig.  347.— Anencephalia  et  acrania.     (Reduced 
one-half. ) 


Fig.  348.— Cranioscliisis  with  exeucephalia. 


has  been  caused  by  harmful  external  influences,  damaging  the  primitive 
cerebral  elements. 

In  acrania  both  the  bony  portion  and  the  skin  of  the  cranial  vault 
are  wanting  (Fig.  347  and  Fig.  349)  almost  entirely ;  the  surface  of  the 
base  of  the  skull  is  covered  only  by  a  skin-like,  vascular  tissue. 

If  the  defect  in  the  cranial  vault  is  extensive  enough  to  include  also 
the  arches  of  the  vertebrae,  there  is  produced  the  condition  known  as 
craniorachischisis  (Fig.  343).  In  this  case  the  spinal  column  is  mostly 
shortened  and  bent,  the  head  in  consequence  being  drawn  sharply  back- 
ward and  the  face  turned  upward.     When  the  eyes  bulge  out,  owing  to 


Fig.  349.— Partial  agenesia  of  the  bones  of  the  cranium  in  anencephalla.    a.  Defect ;  b,  occipital  portion  of 
skull ;  c,  parietal  bone  ;  d.  frontal  bone.    (Reduced  one-flfth.) 


deficient  development  of  the  forehead,  the  malformations  resemble  frogs 
{frog  foetus). 

In  hemicrania  the  flat  bones  of  the  cranial  vault  have  undergone 
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more  or  less  extensive  development  (Fig.  349,  6,  c,  d)  and  form  a  cranial 

cavity,  which  is,  however,  of  small  capacity,  inasmuch  as  the  flat  bones 

of  the  vault  are  elevated  but  a  short  distance  above  the  base  of  the  skull. 

If  the  bones  of  the  vault  which  have  undergone 

but  feeble    development   yet    unite   with 

another  after  the  nor-  ■ 

mal    manner,   there  is  ,,.->-  —  .. 

produced      a      simple 


one 


Fig 


350.— Hydrencepbalocele  OC' 
cipitalis. 


Fig.  351.  —  Encephalomeningo- 
cele  nasofrontalis. 


Synophthalmus  or  cy- 
clopia. 


microcephalus.  This  may  be  already  present  at  birth,  or  it  may  be 
produced   later  by  insufficient  development  of  the  skull. 

Acrania  and  hemicrania  are  often  associated  with  total  anencephalus, 
and  the  base  of  the  skull  is  covered  only  by  a  vascular,  spongy,  skin-like 
mass,  composed  of  a  connective  tissue  rich  in  blood-vessels,  mostly 
spotted  with  hemorrhages  and  containing  either  no  brain  substance  or 
only  undeveloped  rudiments  {area  cerehro-vasculosa) . 

In  other  instances  the  meninges  contain,  beside  cystic  cavities  and 
gland-like  remnants  of  the  medullar}^  plate,  also  more  or  less  developed 
brain  substance,  which  usually  jjrotrudes  through  the  defect  in  the 
cranial  vault,  causing  exencephalus  (Fig.  348  and  Fig.  337).  The 
hernial  masses  are  either  covered  by  only  a  soft  membrane,  representing 
the  meninges,  or  they  may  have  also  a  covering  of  skin. 

With  microcephalus  there  is  also  micrencephalus,  that  is  an  abnor- 
mal smallness  of  the  brain.  Either  there  is  a  general  lack  of  develop- 
ment, or  special  parts  are  wanting. 

Where  the  cranium  is  in  general  properly  closed,  but  presents  par- 
tial deficiencies,  portions  of  the  cranial  contents  may  protrude  in  the 
form  of  a  hernial  sac,  and  it  is  hence  spoken  of  as  a  hernia  cerebri  or 
cephalocele  (Fig.  350  and  Fig.  351).  Defects  of  ossification  (Acker- 
mann), or  deficient  resistance  of  the  membranous  cranial  envelope,  are 
doubtless  usually  the  primary  cause;  but  adhesions  of  the  meninges 
with  the  amnion  (St.  Hilaire)  may  also  be  a  cause.  On  the  extracranial 
portion  of  the  sac  the  dura  mater  is  lacking  (Muscatello) . 

The  size  of  the  protruding  sac  varies  greath'.  It  may  be  so  small 
as  to  be  found  only  by  careful  examination,  or  it  may  be  so  large  as  to 
approach  the  brain  in  volume.  When  accumulation  of  fluid  in  the 
subarachnoid  space  has  caused  only  the  arachnoid  and  pia  to  protrude, 
the  tumor  is  a  meningocele ;  when  brain-substance  also  protrudes,  it 
is  a  nieningo=encephaloceIe.  A  protrusion  of  brain-substance  and  pia 
without  accumulation  of  fluid  is  called  an  encephalocele  ;  if  the  protrud- 
ing brain-substance  contains  part  of  a  ventricle  filled  with  fluid  it  is 
called  a  hydrencepbalocele. 

These  brain-hernias  appear  mosth'  in  the  occipital  region  {hernia 
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occipitalis)  close  above  the  foramen  magnum  (Fig.  350)  and  at  the  root 
of  the  nose  (liernia  cyyicipitalis) .  In  the  latter  region  it  may  involve 
more  especially  the  frontal  bone  (Jieiina  nasofrontalis,  Fig.  351),  or  the 
ethmoid  {hernia  naso-ethmoidalis)  or  the  lachrymal  bone  (hernia  naso- 
orbitalis).  More  rarely  hernias  occur  at  the  sides  of  the  skull  {hernicE 
laterales)  or  at  the  base  {liernice  basales) .  The  latter  may  bulge  toward 
the  nasopharynx  (hernia  spheyiopharyngea)  or  the  orbits  (hernia  spheno- 
orhitalis)  or  the  sphenomaxillary  fossa  (hernia  sj)henomax{llaris) . 

Marked  stunting  in  the  development  of  the  anterior  of  the  three 
cerebral  vesicles  may  leave  the  cerebrum  single  (St.  Hilaire's  cyclen- 
cejjhalia  or  cyclocephalia) ,  while  at  the  same  time  a  deficient  separation 
of  the  ocular  vesicles  takes  place.  When  the  stunting  is  very  marked, 
only  a  single  eye  may  be  formed  in  the  middle  of  the  forehead,  or  there 
may  be  two  united  together  and  lying  in  a  single  orbit  (Fig.  352) ;  and 
this  malformation  is  called  cyclopia  or  synophthalmia,  and  arrhinen= 
cephalia  (Kundrat).  The  nose  is  also  stunted  (Fig.  352),  being  present 
only  as  a  cutaneous  tag  attached  above  the  eye  and  devoid  of  bony 
foundation  (etkmocephalia) . 

When  the  eyes  are  separate,  yet  abnormally  close  together,  the  nose 
in  general  may  be  normal,  but  at  the  root  it  is  very  small  (cehocephalia) . 

In  the  severer  forms  of  the  malformation  the  ethmoid  and  the  nasal 
septum  may  be  wanting,  and  the  upper  lip  and  palate  may  be  cleft  in 
the  median  line,  or  laterally  on  one  or  on  both  sides  (Kundrat) .     In  the 


Fig.  353.— Cranial  cavity  of  a  synophthalmus  microstomus  opened  by  a  frontal  section  (viewed  from  be- 
hind;, a.  Skin  and  subcutaneous  tissue:  b,  cranial  vault;  c,  dura  mater;  d,  tentorium;  e,  arachnoid;  /, 
posterior  surface  of  the  cerebrum,  consisting  merely  of  a  tbin- walled  sac  covered  wltb  pia  mater ;  g,  tumefied 
border  of  the  cerebral  sac ;  K  subarachnoid  space  behind  the  cerebral  sac ;  i,  cavity  of  the  cerebral  sac,  com- 
municating with  the  subarachnoid  space  by  the  enlarged  transverse  fissure ;  7c,  section  through  the  corpora 
quadrigemina ;  I,  section  through  the  cerebellum ;  m,  the  atlas.    (Fom--flfths  natural  size.) 


milder  forms  the  forehead  is  merely  reduced  in  size  and  pointed  like  a 
wedge. 

In  the  severest  grades  of  these  malformations  the  cerebrum  consists 
of  a  sac  (Fig.  353,  /,  i)  occupying  more  or  less  of  the  cranial  cavity  and 
filled  with  a  clear  fluid;  where  the  sac  does  not  lie  against  the  cranial 
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wall  the  intervening  space  is  taken  up  by  fluid  distending  the  subarach- 
noid space  (h).  In  milder  instances  only  individual  portions  of  the 
brain  are  wanting  in  development,  those  mostly  affected  being  the  olfac- 
tory nerve  and  olfactory  bulb,  the  corpus  callosum,  a  part  of  the  convo- 
lutions, etc.  The  optic  thalami  are  often  blended  together.  The 
chiasma  and  optic  tracts  may  be  either  wanting  or  present.  The  cor- 
pora quadrigemina  (k),  the  pons,  the  medulla  oblongata,  and  the  cere- 
bellum (I)  are  usually  unaffected. 

Spinal  cord  and  brain  develop  from  the  neural  canal.  In  the  portion  that  is  to  be- 
come the  brain,  the  neural  canal  changes  at  an  early  period  into  three  vesicles.  The 
anterior  of  the  three,  the  forebrain,  throws  out  from  its  lateral  portions  the  primary  optic 
vesicle,  while  the  middle  portion  grows  forward  and  upw'ard  and  divides  into  the  pros- 
encephalon and  the  thalamencephalon.  From  the  former  are  developed  the  cerebral 
hemispheres,  the  corpora  striata,  the  corpas  callosum,  and  the  fornix.  From  the  thalam- 
encephalon are  formed  the  optic  thalami  and  the  floor  of  the  third  ventricle.  The 
second  cerebral  vesicle  or  mesencephalon  forms  the  corpora  quadrigemina.  while  the 
third  divides  into  epencephalon  and  metencephalon,  from  which  are  formed  the  pons, 
the  cerebellum,  and  the  medulla  oblongata. 

The  cerebral  portion  of  the  neural  canal  becomes  inclosed  in  the  primitive  vertebral 
plates  of  the  head,  which  form  the  membranous  primordial  skull.  The  basal  portions 
change  to  cartilage  in  the  second  foetal  month.  In  the  third  month  both  the  cartilages 
of  the  base  and  the  membranous  vault  begin  to  ossify. 

According  to  G.  St.  Hilaire,  Förster,  and  Panum.  acrania  and  anencephalus  are  to  be 
ascribed  to  an  abnormal  accumulation  of  fluid  in  the  cerebral  vesicles,  a  hydrocephalus. 
occurring  before  the  fourth  month.  Dareste  and  Perls  oppose  this  view  and  point  out 
that  in  acrania  the  base  of  the  skull  is  mostly  bulged  inward,  hence  is  not  pressed  out- 
ward ;  and  they  look  for  the  cause  of  acrania  in  a  pressure  upon  the  skull  exerted  from 
without  (Perls)  and  caused  by  the  head  cap  of  the  amnion  being  very  snug  and  retard- 
ing the  development  of  the  cranium.  Lebedeff  looks  for  the  cause  of  acrania  in  an  ab- 
normally sharp  bending  of  the  body  of  the  embryo,  which  he  conceives  to  occur  in  ca.se 
the  cephalic  end  of  the  embryo  grows  abnormally  in  the  longitudinal  axis  or  in  case  the 
cephalic  covering  lags  behind  in  its  development. 

By  the  sharp  bending  the  change  of  the  medullary  groove  into  a  neural  canal  is 
thought  to  be  prevented,  or  the  canal  after  its  formation  to  be  destroj'ed.  From  this 
could  be  explained  also  the  absence  later  of  the  brain  as  well  as  of  the  teguments  and 
bones  of  the  cranium.  The  cystic  formations  in  the  teguments  lying  upon  the  base  of 
the  skull  Lebedeff  would  have  formed  from  the  folds  of  the  medullary  groove,  which  sink 
into  the  mesoderm  and  then  become  snared  off. 

Hertwig  thinks  it  possible  that  chemical  substances,  circulating  in  the  blood  or 
secreted  from  the  wall  of  the  uterus,  may  destroy  the  earliest  beginnings  of  the  brain. 

It  is  very  probable  that  acrania  has  not  in  every  instance  the  same  origin.  Whils 
in  one  case  the  influences  brought  forward  by  Perls  and  Lebedeff,  or  adhesions  with  the 
membranes,  may  arrest  the  development  of  skull  and  brain,  yet  in  other  cases  the  mal- 
formation should  probably  be  looked  upon  as  a  primary  agenesia  already  predetermined 
in  the  germ. 

(c)  Malformations  of  the  Face  and  Neck. 

§  142.  The  development  of  the  face  is  subject  not  infrequently  to 
disturbances  leading  to  more  or  less  marked  malformations,  which  may 
appear  alone  or  be  combined  with  malformations  of  the  cranial  portion 
of  the  head.  When  the  frontal  process  and  the  maxillary  processes  of 
the  first  branchial  arch  remain  in  an  entirely  rudimentary  state,  or  are 
more  or  less  completelj^  destroyed  by  pathological  processes,  there  is 
present  at  the  site  where  the  face  should  be  merely  a  surface  or  cleft 
(aprosopia  and  schistoprosopia) ,  which  may  or  may  not  be  combined 
with  malformations  of  the  nose  and  eyes. 

But  more  frequent  than  these  large  defects  are  smaller  clefts  involv- 
ing the  lip,  the  alveolar  process  of  the  upper  jaw,  the  upper  jaw  itself, 
and  the  hard  and  soft  palates  (cheilo=gnatho=palatoschisis) .  This 
malformation  establishes  a  communication  between  the  mouth  and  the 
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nasal  cavity  (Fig.  354).  The  hard  palate,  where  it  abuts  against  the 
vomer,  is  cleft  in  the  median  line  where  it  meets  the  soft  palate.  In  the 
alveolar  process  of  the  upper  jaw  the  cleft  runs  between  the  eye-tooth 
and  the  lateral  incisor,  or  between  the  lateral  and  central  incisors.  The 
malformation  may  be  bilateral  or  unilateral,  primary  and  hereditary  or 
secondarily  acquired,  one  of  the  causes  of  the  latter  condition  being  am- 
niotic adhesions  (Fig.  337) . 

Frequently  the  cleft  involves  only  special  portions  of  the  region 
above  mentioned,  as  the  upper  lip  {harelip,  labium  leporinum),  or,  what 
is  rarer,  only  the  hard  or  only  the  soft  palate.  The  mildest  degree  is 
indicated  by  a  notch  or  a  cicatricial  line  in  the  lip,  or  by  a  bifurcation  of 
the  uvula, 

Prosoposchisis  (Fig.  338,  e)  is  the  term  applied  to  a  cleft  running 
obliquely  from  the  mouth  to  an  orbit.     It  is  usually  associated  with 

malformations  of  the  brain. 
Morian  distinguishes  three  va- 
rieties. The  first  commences  on 
the  upper  lip  as  a  harelip,  passes 


Fig.  354.— Double  clieilognatho-palatoschisis. 


Fig.  355.— Agnathia  and  synotia  (Guardan). 


into  the  nostril,  thence  arouud  the  ala  nasi  toward  the  orbit,  and  may 
extend  even  beyond  the  orbit.  The  second  variety  begins  likewise  in 
the  region  of  a  harelip,  but  extends  outward  from  the  nose  toward  the 
orbit.  The  third  variety  extends  from  the  corner  of  the  mouth  outward 
through  the  cheek,  toward  the  canthus  of  the  eye,  and  divides  the  su- 
perior maxillary  process  externally  to  the  canine  tooth.  A  transverse 
cleft  of  the  cheek  also  occurs,  coursing  from  the  corner  of  the  mouth 
toward  the  temporal  region. 

fledian  facial  clefts  also  occur,  and  may  involve  the  nose  and  up- 
per jaw,  and  also  the  lower  jaw,  or  even  extend  as  far  down  as  the  ster- 
num.    With  this  malformation  the  tongue  may  also  be  cleft  (Wolfler). 

All  of  the  above-described  clefts  may  be  confined  to  small  portions  of 
the  regions  mentioned,  and  may  also  attain  various  depths. 

When  the  inferior  maxillary  process  of  the  first  branchial  arch  is 
tardy  in  its  development,  the  inferior  maxilla  becomes  also  imperfectly 
developed,  and  may  be  entirely  wanting,  producing  the  malformations 
known  as  brachygnathia  and  agnathia  (Fig.  355),  and  the  appearance 
presented  is  as  if  the  lower  half  of  the  face  had  been  cut  away ;  the  ears 
are  sometimes  so  close  to  each  other  as  to  touch  (synotia) .     Usually  the 
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superior  maxillary  processes  are  also  imperfectly  developed,  and  fre- 
quently the  ear  is  misshapen. 

Malformations  of  the  mouth,  as  abnormalh' large  size  (maa'ostornia), 
abnormally  small  size  (microstomia),  closure  (atresia  oris),  and  duplica- 
tion (distomia),  are  all  rare. 

When  the  embryonic  external  branchial  clefts  or  internal  l^rauchial 
pockets  fail  in  part  to  close,  fistulse  opening  either  externally  or  intern- 
ally, or  closed  cysts,  remain.  The  former  condition  is  called  fistula 
colli  congenita.  The  mouths  of  the  external  fistulae  are  generally 
found  at  the  side  of  the  neck,  more  rarely  approaching,  or  actualh^  in, 
the  median  line;  those  of  the  internal  fistulae  open  into  the  pharynx, 
trachea,  or  larynx.  Frequently  slight  remains  of  the  branchial  pockets 
form  merely  diverticula  of  the  latter  organs.  The  fistulae  are  mostly 
clothed  with  a  mucous  epithelium,  sometimes  ciliated,  originating, 
therefore,  from  the  visceral  branchial  i)ockets—  according  to  von  Kosta- 
necki  and  von  Mielecki,  mostly  from  the  second.  In  rare  cases  a  com- 
plete branchial  fistula  is  found,  having  both  an  external  and  an  internal 
opening. 

The  branchial  cysts  which  arise  from  the  branchial  pockets  are 
sometimes  clothed  with  mucous  membrane  (ciliated  epithelium),  are 
filled  with  fluid,  and  receive  the  name  of  hydrocele  colli  congenita  ;  some- 
times they  are  lined  with  an  epidermal  covering,  contain  masses  of  epi- 
dermal cells,  and  are  therefore  reckoned  among  the  atheromata.  and  der- 
moid cysts.  Arrests  in  development  of  the  anterior  end  of  the  branchial 
arch  (mesobranchial  field)  and  in  the  region  of  the  third  branchial 
pocket  (the  site  of  origin  of  the  thymus)  and  branchial  cleft  may  lead 
to  the  formation  of  dermoids  in  the  submental  region,  at  the  root  of  the 
tongue,  and  m  the  mediastinum.      (Compare  §  133.) 

The  face  and  neck  are  developed  in  part  from  a  single  embryonic  rudiment,  in  part 
from  paired  rudiments.  The  latter  are  represented  in  the  branchial  or  visceral  arches 
growing  from  the  lateral  portions  of  the  base  of  the  skull  ventrally  in  the  primitive 
throat-wall.  The  single  rudiment,  called  the  frontal  process,  is  a  prolongation  down- 
ward of  the  base  and  vault  of  the  skull,  and  is,  in  fact,  the  anterior  end  of  the  skull. 
Between  the  individual  branchial  arches  there  are  at  a  certain  period  cleft-like  depres- 
sions or  branchial  pockets. 

The  frontal  process  and  the  first  branchial  arch  form  the  borders  of  the  great  primi- 
tive mouth,  which  has  a  diamond  shape.  In  the  course  of  development  the  first  branchial 
arch  sends  out  two  processes,  of  which  the  shorter  applies  itself  to  the  under  surface  of 
the  forehead  and  forms  the  upper  jaw,  while  from  the  lower  and  longer  one  the  lower 
jaw  develops.  The  frontal  process,  which  forms  the  anterior  border  of  the  mouth,  pro- 
duces a  wide  and  long  forehead  and  then  pushes  on  two  lateral  processes,  called  lateral 
nasal  processes.  By  further  differentiation  of  the  central  portion  of  the  fi-ontal  process 
the  septum  narium  is  formed,  which,  by  means  of  two  spurs  called  the  inner  nasal  proc- 
esses, produces  the  borders  of  the  nostril  and  the  nasal  furrow.  The  lateral  nasal  proc- 
esses are  the  lateral  portions  of  the  skull,  and  develop  within  themselves  later  the 
ethmoid  labyrinth,  the  cartilaginous  roof,  and  the  sides  of  the  anterior  portion  of  the 
nares.  At  a  certain  stage  they  form  with  the  superior  maxillary  process  a  fissure  run- 
ning from  the  nasal  fiuTow  to  the  eye,  and  called  the  lachrymal  fissure. 

The  mouth  is  at  first  simply  a  great  cavern,  but  is  soon  subdivided  into  a  lower  and 
larger  digestive  and  an  upper  and  smaller  respiratory  portion.  This  is  done  by  the  de- 
velopment, from  the  superior  maxillary  processes  of  the  first  branchial  arch,  of  the  plates 
which  are  to  form  the  palate,  and  which  begin  in  the  eighth  week  to  unite  with  one 
another  and  also  with  the  lower  edge  of  the  nasal  septum.  The  union  of  these  lateral 
plates  to  form  the  palate  begins  anteriorly  and  progi'esses  backward. 

The  union  of  the  contiguous  surfaces  of  the  frontal  and  nasal  processes  with  the 
superior  maxillary  processes  forms  the  cheek  and  a  continuous  superior  maxillary 
border,  from  which  are  developed  later  the  lip  and  the  alveolar  process  of  the  upper  jaw- 
bone and  the  intermaxillary  bones,  while  the  nose  develops  from  the  frontal  process. 
The  intermaxillary  bones  are  formed  as  two  entirely  distinct  symmetrical  bones,  but 
unite  early  one  with  the  other,  and  both  with  the  upper  jaw-bones. 
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(d)  Faulty  Closure  of  the  Abdominal  and  Thoracic  Cavities,  and  the  Accompanying 

Malformations. 

§  143.  The  construction  of  the  body-form  from  the  flat  embryonic 
layers  begins  hj  a  turning  over  and  drawing  together  of  the  layers  at 
the  periphery  of  the  embrj'onic  area,  so  that  they  become  transformed 
into  two  tubes,  one  of  which  is  the  abdominal  wall,  the  other  the  ali- 
mentary canal. 

The  infolding  of  these  layers  takes  place  at  the  cephalic  and  caudal 
ends  as  well  as  at  the 
sides;  and  as  these  folds 
approach  one  another 
from  all  directions,  those 
which  are  to  form  the  ab- 
dominal wall  produce  a 
tube  whose  interior  finally 
communicates  only  at  the 
parietal  umbilicus,  b  y 
means  of  a  tubular  pro- 
longation, with  the  cavit}' 
of  the  extra-embryonic 
portion  of  the  blastodermic 
membrane.  While  these 
lateral  and  ventral  walls  of 
the  embryo  are  being  thus 
formed,  within  the  body 
the  intestinal  furrow  closes 
to  form  a  tube  which  is  in 
communication  at  onlj^  one 
point — namely,  at  the  vis- 
ceral umbilicus  (within 
the  above-mentioned  com- 
munication of  the  abdomi- 
nal cavity) — with  the  cav- 
ity of  the  umbilical  vesicle, 
the  channel  between  the 
two  being  called  the  om- 
phalomesenteric duct. 

The  omphalomesen- 
teric duct  becomes  oblit- 
erated in  the  sixth  week. 
The  complete  closure  of  the  abdominal  cavity  follows  in  the  eighth  week. 

Arrests  of  development  in  the  formation  of  the  abdominal  wall 
may  take  place  at  various  points  and  be  more  or  less  marked.  They 
are  most  frequent  in  the  region  of  the  umbilicus,  where  the  closure  of 
the  abdominal  cavity  occurs  latest.  When  faulty  development  of  the 
abdominal  wall  at  this  point— leaving  the  abdominal  cavity  closed  over 
a  greater  or  less  area  only  by  peritoneum  and^  the  covering  of  the  um- 
bilical cord  (the  amnion)— gives  rise  to  hernial  protrusion  over  this 
area  (Fig.  356),  the  condition  is  called  omphalocele,  hernia  funiculi 
umbilicalis,  or  umbilical  hernia.  The  remnant  of  the  cord  is  situated 
either  on  the  summit  of  the  protrusion  or  at  one  side,  and  is  more  or 
less  shortened. 


Fig.  356.— Hernia   funiculi   umbilicalis.     (Two-tbirds  normal 
size.) 
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The  anterior  abdominal  walls  maj  entirely  or  almost  fail  to  unite- 
conditions  which  are  called  fissura  abdominalis,  gastroschisis  com- 
pleta,   and   thoracogastroschisis,   and   are  characterized  bv  the  unde- 


x-^ 


Fig.  357.— Fissura  abdominis  et  vesicae  urinarlae,  in  a  girl  eighteen  days  old.  a,  Border  of  the  skin ;  7), 
peritoneum ;  c,  bladder ;  d,  small  bladder-ca\ity  composed  of  the  trigone ;  c,  trough-like  urethra ;  /,  the 
labia  minora. 


veloped  abdominal  coverings  not  having  been  separated  from  the  am- 
nion, but  running  into  it.  The  greater  bulk  of  the  abdominal  contents 
then  lie  in  a  sac  composed  of  peritoneum  and  amnion ;  or  the  perito- 
neum may  be  wanting  also.  The  umbilical  cord  is  also  often  wanting, 
and  the  umbilical  vessels  run  to  the  placenta  without  joining  one  an- 
other. 

Failure  of  the  chest-wall  to  close  is  called  thoracoschisis.  The 
heart,  covered  with  the  pericardium  or  entirely'  free,  may  push  out 
through  an  opening  in  the  cardiac  region.  This  condition  is  called 
ectopia  cordis. 

When  the  failure  to  close  is  confined  to  the  sternal  region  it  is  called 
fissura  sterni.  This  may  involve  the  whole  sternum  or  only  a  part  of 
it;  it  may  affect  only  the  bones,  or  it  may  affect  the  skin  also. 

When  the  urinary  bladder  prolapses  through  a  cleft  in  the  abdomi- 
nal wall,  the  condition  is  known  as  ectopia  vesicae  urinarise. 

Clefts  of  the  abdominal  wall,  whether  total  or  partial,  are  not  infre- 
quently complicated  by  clefts  of  the  parts  lying  behind  the  abdominal 
wall.  When  a  cleft  of  the  lower  abdominal  wall  is  combined  with  a 
cleft  of  the  bladder  also,  so  that  the  posterior  wall  of  the  bladder  pro- 
trudes through  the  abdominal  opening  (Fig.  357,  c),  the  condition  is 
called  fissura  or  ecstrophia  or  inversio  vesicas  urinariae.  Sometimes 
the  pelvic  girdle  and  the  urethra  are  also  cleft,  converting  the  latter 
into  an  exposed  trough  (Fig.  357,  e).  The  ecstrophy  is  then  said  to 
be  complicated  with  fissura  genitalis  and  epispadias. 

When  an  abdominal  fissure,  or  an  abdominal  fissure  together  with 
ecstrophy  of  the  bladder,  is  complicated  with  fissure  of  the  intestine, 
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the  condition  is  called  fissura  abdominalis  intestinalis  or  vesico=in= 

testinalis.  The  intestinal  fissure  is  situated  in  the  caecum  or  in  the 
beginning  of  the  colon,  and  the  mucous  membrane  of  the  intestine  pro- 
trudes in  the  same  manner  as  the  posterior  wall  of  the  bladder;  and 
hence  it  is  called  ecstrophia  or  inversio  intestini. 

If  the  omphalomesenteric  duct  does  not  undergo  its  normal  atrophy, 
an  appendix  of  intestine,  called  fleckel's  diverticulum,  remains.  This 
diverticulum  proceeds  from  the  outer  surface  of  the  gut,  having  generally 
the  appearance  of  a  glove-finger,  and  either  ends  blindly  or  is  attached 
at  the  umbilicus,  sometimes  being  dilated  at  the  ends.  It  may  be  ad- 
herent in  the  umbilical  ring,  and  its  mucous  surface  may  protrude 
{ectopia  intestini,  adenoma  irnihilicale) .  In  very  rare  cases  a  cyst  lined 
with  mucous  membrane  is  found  in  the  abdominal  wall  {cyst  of  the  vitel- 
line duct). 

umbilical  hernia  and  clefts  in  the  upper  part  of  the  abdominal  wall 
are  often  combined  with  craniorachischisis,  while  ecstrophy  of  the  blad- 
der and  intestine  is  often  combined  with  myelocystocele;  and  von  Eeck- 
linghausen  regards  the  two  malformations  as  bearing  some  relation  to 
each  other.  Large  abdominal  clefts  are  furthermore  often  associated 
with  lordotic  or  scoliotic  curvatures  of  the  spinal  column. 


(e)  Malformations  of  the  External  Genitalia  and  of  Parts  belonging  to  the  Anal  Eegion, 
caused  hy  Arrested  Developrnent. 

§  144.  Malformations  of  the  external  genital  organs  may  be  asso- 
ciated with  malformations  of  the  abdominal  wall,  the  bladder,  and  the 
internal  genital  organs,  or  they  may  occur  without  these  associations. 
Total  absence  of  the  external  genitalia  may  be  the  only  defect,  but  it 
usually  forms  only  a  part  of  a  more  extensive  malformation  of  the  parts 
of  that  region,  and,  as  a  rule,  is  associated  with  defects  in  the  internal 
genital  organs  (Fig.  360). 

A  dwarfed  condition  of  the  penis  is  not  rare,  and  when  it  exists 


Fig. 


358.— Hypospadias,  associated  with  a  stunted  penis.     CReduced  one- 
fourth.» 


Fig.    359.  —  Epispadias. 
(After  Ahlfeld.) 


the  organ  presents  externally  a  more  or  less  close  resemblance  to  a  cli- 
toris. It  is  usually  associated  with  hypospadias,  the  urethral  opening 
being  beneath  the  glans,  the  body,  or  the  root  of  the  penis  (Fig.  358), 
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or,  in  extreme  cases,  behind  the  scrotum  (hyposjjadias  ^:)e?*i»(?osc?'otoZis) . 
The  same  degrees  of  hj'pospadias  may  exist  in  i:)enises  otherwise  nor- 
mal, being  due  simply  to  a  more  or  less  complete  covering  of  the  sexual 
furrow  from  which  the  urethra  normally  develops. 

Epispadias  (Fig.  359)  is  the  term  applied  to  the  condition  in  which 
the  urethra  opens  upon  the  dorsal  aspect  of  the  penis.  It  is  less  com- 
mon than  hyjjospadias,  and  results 
from  an  incomj^lete  or  retarded  clos- 
ing of  the  pelvic  cavity,  of  such  a  char- 
acter that  the  cloaca  is  divided  into  an 
anal  and  a  genital  portion  (Thiersch). 
Sometimes  the  two  penile  halves  may 
remain  separate,  with  or  without  ec- 
strophy  of  the  bladder  or  an  incomplete 
closure  of  the  abdominal  cavity. 

Hypertrophy  of  the  prepuce  is  not 
of  rare  occurrence.  If  a  narrowing  of 
the  preputial  opening  is  associated  with 
it,  and  the  prepuce  cannot  be  pushed 
back  over  the  glans,  it  is  customary  to 
speak  of  the  condition  as  an  hyper= 
trophic  phimosis.  Entire  absence  of 
the  prepuce  is  rare,  olnioriual  shortness 
more  frequent. 

Deficient  development  of  the  scro= 
turn  is  usually  associated  with  reten- 
tion of  the  testes  in  the  abdominal  cav- 
ity or  in  the  inguinal  canal,  and  causes 
the  external  genitals  to  look  like  those 
of  the  female — a  result  which  is  height- 
ened when  the  penis  is  small  or  ill  de- 
veloped. 

In  the  female  the  clitoris  and  the 
labia  majora  and  minora  may  be  de= 
ficiently  developed  ;  epispadias  and  hypospadias  niay  also  occur,  the 
former  associated  with  ecstrophy  and  incomplete  closure  of  the  abdomen 
(Fig.  357).  In  hypospadias  a  part  of  the  posterior  wall  of  the  urethra 
is  wanting  and  the  urethra  opens  more  or  less  widely  into  the  vagina. 

The  urethra  may  be  absent  in  either  sex  (Fig.  360).  In  young 
females  the  bladder  may  open  directly  into  the  vagina. 

Urethral  atresia  can  also  occur  in  either  sex,  and  results  from  a 
local  defective  development  or  an  obliteration  of  the  orifice.  An  ac- 
cumulation of  urine  mav  in  these  cases  cause  extreme  dilatation  of  the 
bladder  (Fig.  360). 

An  abnormal  narrowness  of  the  urethra  may  exist  in  a  portion  of 
its  course  or  throughout  its  whole  extent.  Its  lumen  may  be  com- 
promised by  an  hypertrophy  of  the  colliculus  seminalis. 

Occasionally  the  urethra  opens  by  midtijjle  orifices,  and  sometimes 
there  is  a  blind  canal  in  the  glans  penis,  lying  beside  the  normal  urethra. 
Atresia  ani  simplex  is  a  term  used  to  denote  a  condition  in  which  the 
anus  is  closed  and  at  the  same  time  the  bowel  well  developed.  It  may 
arise  from  a  failure  of  the  ectoderm  to  fold  in  at  the  anal  site,  or  it  may 
be  (Frank)  that  a  cloaca  already  existing  and  opening  outwardly  has 
closed  by  subsequent  adhesion. 


Fig.  360.— Complete  absence  of  the  urethra 
and  external  genitals,  with  extreme  disten- 
tion of  the  abdomen  b.v  an  accumulation  of 
urine  in  the  bladder  ;  and  compression  and 
dwarfing  of  the  lower  extremities.  (In  the 
posterior  wall  of  the  bladder  there  were  rudi- 
ments of  tubes  and  ovaries.) 
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If  the  rectum  does  not  end  directl}^  above  the  anal  skin,  but  higher 
up,  there  is  beside  the  atresia  ani  also  an  atresia  recti,  a  malformation 
which  may  occur  also  when  the  anus  is  fully  developed. 

When  there  is,  together  with  absence  of  the  anus,  also  an  arrested 
development  of  the  vaginal  wall,  which  should  grow  downward  between 
the  sinus  urogenitalis  and  the  bowel  and  unite  with  the  perineum,  there 
remains  a  persistent  cloaca  in  which  the  sinus  urogenitalis  and  the 
termination  of  the  bowel  unite.  In  other  cases  are  found  fistulous 
communications  between  the  rectum  on  the  one  hand,  and  the  blad= 
der  or  urethra  (in  boys)  or  the  vagina  or  uterus  on  the  other  hand 
{atresia  ani  vesicalis,  uretliralis,  vaginalis,  uterina) . 

In  rare  cases  of  anal  closure  the  bowel  may  communicate  with  the 
outer  world  by  external  fistulae  in  the  perineum,  the  scrotum,  or  the 
sacrum, 

(f)  Malformations  of  the  Extremities  due  to  Arrest  of  Development. 

§  145.  Defective  development  of  the  extremities  is  not  rare,  and 
may  owe  its  origin  to  a  deficiency  in  the  primary  differentiation  of  the 
embryo,  be  secondary  to  some  disturbance  in  the  development  of  the 
limb  or  the  bones,  or  result  from  constrictions  caused  by  strands  of  the 
membranes  or  loops  of  the  umbilical  cord.  The  cause  of  such  defective 
development  of  the  extremities  may  sometimes  be  referred  to  precedent 
malformations  of  the  central  nervous  system. 

They  are  grouped  into  the  following  classes,  according  to  the  degree 
of  malformation : 

1.  Amelus.  The  extremities  are  either  all  entirely  wanting  or  are 
represented  by  mere  stumps  or  wart-like  rudiments  (Fig.  361). 


Fig.  361.— Amelus. 


Fig.  363.— Älicromelus  wltü  cretinltlc  facies. 


2.  Feromelus.     All  the  extremities  are  dwarfed. 

3.  Phocomelus.     The  hands  and  feet  are  developed,  but  are  attached 
directly  to  the  shoulder  and  pelvis  respectively. 
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4.  Ilicromelus  (microbracliius,  micropus) .  The  extremities  are  fully 
differentiated,  but  remain  abnormally  small  (Fig.  362). 

5.  Abrachius  and  opus.  Absence  of  the  upper  extremities  with  well- 
developed  lower  extremities,  or  vice  verso. 

6.  Perohracliws  and  peropus.  The  arms  and  thighs  well  developed; 
the  forearms,  hands,  legs,  and  feet  malformed. 

7.  Jlonohrachhis  and  monopus.  Absence  of  a  single  upper  or  lower 
extremity. 

8.  Syriipus,  sirenomeJia,  symmyeJia.  The  lower  extremities  are  coal- 
escent  in  a  position  of  semi-rotation  around  their  axes,  so  that  their  ex- 
ternal aspects  are  in  contact  (Figs.  363  and  364).  The  pelvis  is  usually 
absent,  as  are  also  the  external  genitals,   bladder,  urethra,  and  anus. 


Fig.  ot>3.— Syniiais  apus. 


Fig.  ia+U.— Sympiis  clipus. 


The  feet  may  be  entirely  wanting  {sympus  cipus)  and  only  a  few  toes  be 
present  (Fig.  363),  or  in  other  cases  (Fig.  364)  a  single  foot  (symjms 
monopus)  or  both  feet  {syiiqms  dipus)  may  be  present. 

9.  Absence  of  individual  bones  mav  exist  in  anv  part  of  the  extremi- 
ties (Fig.  365). 

10.  PerodactyJism — dwarfing  of  tJie fingers  or  toes — is  encountered  in 
a  great  many  forms.  In  general,  the' condition  is  due  either  to  imper- 
fect development,  or  to  the  entire  absence  of  some  of  the  phalanges 
(Fig.  367,  and  Fig.  369,  c)  or  frequently  to  the  presence  of  membranous 
(Fig.  366  and  Fig.  368)  or  even  bony  (Fig.  367  and  Fig.  369,  d,  e)  con- 
nections between  the  fingers  (syndactylism) . 

If  only  the  lateral  fingers  or  toes  become  developed,  while  the  mid- 
dle are  lacking,  the  forms  arise  to  which  the  terms  cleft  hand  and  cleft 
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Fig.  366. 


FIG.  367. 


Fig.  365.— Absence  of  the  femur  and  übula.    Diminution  in  the  number  of  the  phalanges.    One-half 
natural  size. 

Fig.  366.— Perodactylism  with  syndactylism.    Left  hand  of  a  new-bom  child.    Seven-eighths  natural  size. 

Fig.  367.— Picture  of  the  hand  shown  in  Fig.  366  when  illuminated  by  the  Röntgen  rays.    Seven-eighths 
natural  size. 

foot  (Kümmel)  are  applied.     When  the  fingers  are  badly  malformed 
there  are  apt  to  be  malformations  and  defects  in  the  region  of  the  tarsal 


fig.  368. 

Fig.  368.— Malformation  of  the  right  hand  (perochirus)  with  coalescence  of  the  fingers.  (After  Otto.)  a. 
Supernumerary  thumb ;  Z),  thumb  proper ;  c,  dwarfed  index-finger ;  d,  middle  finger ;  e,  ring-finger ;  /,  little 
finger. 

Fig.  369.— Bones  of  the  perochirus  depicted  in  Fig.  368,  shown  in  their  dorsal  aspect.  (After  Otto.)  a-f. 
Same  as  in  Fig.  368 :  g,  ulna ;  h,  radius  ;  1,  os  naviculare  ;  2,  os  lunatum  ;  3,  os  trianguläre  ;  4,  os  pislforme ; 
5a,  OS  multangulum  majus  superfluum ;  5Z),  os  multangulum  ordinarium ;  6,  os  multangulum  minus ;  7,  os 
capitatum ;  8,  os  hamatum. 
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and  metatarsal  bones  (Tig.  371)  (or  of  tlie  carpal  and  metacarpal  bones). 


Fig.  370.  Fi«.  371. 

Fig.  370.— Peropus  dexter.    (After  Otto.)    a,  Great  toe ;  h,  little  toe. 

Fig.  371.— Bones  of  the  foot  depicted  in  Fig.  370,  in  the  dorsal  aspect,  a.  Big  toe ;  b,  little  toe ;  c,  rudi- 
ment of  the  third  toe ;  d,  tibia ;  e,  fibula ;  1,  talus ;  2,  calcaneus ;  3,  os  naviculare ;  4,  os  cuneiforme  majus ; 
5,  OS  cuneiforme  minus ;  6,  os  cuneiforme  tertium ;  7,  os  cubif orme. 

These  conditions  are   designated   respectively  pei^oions  and  perochirus. 
The  lack  of  a  hand  or  a  foot  is  designated  as  acJiirus  or  apus. 

2.  Abnormal  Positions  of  the  Internal  Organs  and  of  the  Extremities. 

§  146.  Of  the  abnormal  positions  of  the  internal  organs,  the  most 
important  is  the  situs  inversus  viscerum — i.e.,  a  lateral  transposition 
of  the  thoracic  and  abdominal  viscera.  It  has  been  observed  in  double 
monsters  as  well  as  in  single  individuals,  and  may  be  restricted  to  a 
simple  malposition  of  the  heart  alone,  or,  more  rarely,  of  only  the 
abdominal  organs.  Other  malpositions  affect  most  frequently  the  ab- 
dominal viscera.  The  kidney,  for  example,  is  not  rarely  mal  placed 
{dystopia  renis),  in  which  cases  it  is  usually  found  below  its  normal  site, 
near  or  even  in  front  of  the  sacral  promontory.  The  testis  is  sometimes 
retained  within  the  abdominal  cavity  {ectopia  interna  sen  abdomincdis 
testis;  cryptorchismus) ,  or  in  the  inguinal  canal  {ectopia  inguinalis),  or 
at  the  external  ring  {ectopia  pubica),  or,  finally,  at  some  point  between 
the  latter  situation  and  its  normal  position  {ectopia  cruroscrotalis,  peri- 
nealis,  or  cruralis).  Abnormal  positions  of  the  intestine,  especially  of  the 
large  intestine,  are  not  rare. 

Among  the  abnormal  positions  of  the  extremities  congenital  Iuxa= 
tions  (slipping  of  the  articular  heads  from  their  sockets)  are  of  par- 
ticular interest.  They  are  most  common  at  the  hip,  more  rare  at  the 
elbow,  shoulder,  and  knee.  Von  Ammon,  Grawitz,  Krönlein,  and 
Holtzmann,  regard  them  as  in  part  the  result  of  a  local  arrested 
development,  but  mechanical  influences  may  also  lead  to  luxation.  At 
the  hip  the  acetabular  socket  remains  small  and  imperfect,  and  the  head 
of  the  femur  is  more  or  less  incompletely  developed.  The  small  acetab- 
ulum is  in  the  normal  location,  the  head  of  the  femur,  on  the  contrary, 
is  displaced,  usually  backward  (luxatio  iliaca).    At  birth  the  ligamentum 
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teres  is  always  intact,  and  the  capsule  of  the  joint  embraces  both  the 
acetabulum  and  the  head  of  the  femur.  After  considerable  use  of  the 
extremity,  the  ligamentum  teres  stretches  and  may  tear  apart ;  the  cap- 
sule is  stretched  to  a  baglike  form,  and  at  the  point  where  it  is  pressed 
against  the  bone  it  may  become  perforated  A  new  joint  may  then  be 
formed  by  the  proliferation  of  the  surrounding  tissues. 

Abnormal  positions  of  the  feet  and  hands  are  to  be  attributed 
sometimes  to  disturbances  of  development,  sometimes  to  mechanical 
influences  upon  the  extremities  when  they  are  growing.  The  most  im- 
portant of  these  deformities  is  the  congenital  club=foot  (pes  equinova= 
rus) ,  which,  according  to  Eschricht,  is  due  to  an  arrest  of  development, 
leaving  the  foot  in  its  foetal  position,  with  malformation  of  the  bones 
and  their  articular  surfaces.  The  inner  border  of  the  foot  is  sharply 
elevated  and  the  foot  at  the  same  time  is  in  plantar  flexion.  The  collum 
tali  is  elongated  in  an  anterior  and  inferior  direction  (Hüter,  Adams) . 
If  the  children  learn  to  walk,  they  tread  upon  the  outer  side  of  the  foot, 
which  thereby  becomes  flattened,  while  the  foot  becomes  still  more 
sharply  turned  inward. 

The  congenital  club-foot,  though,  as  stated,  usually  the  result  of 
arrest  of  development,  may  occasionally  be  caused  by  an  abnormal 
pressure  due  to  a  relatively  small  uterus  (Yolkmann).  Under  these 
conditions  the  positions  known  as  pes  calcaneus  and  pes  valgus  may 
be  produced.  They  are  characterized  in  part  bj^  a  strong  dorsal  flexion, 
in  part  by  a  twisting  of  the  foot.  Frequently  the  evidences  of  the  press- 
ure to  which  the  feet  have  been  subjected  are  seen  in  an  atrophic  condi- 
tion of  the  skin  and  the  relative  i^ositions  of  the  bones. 

The  position  of  the  hand  designated  as  clubbed=hand  or  talipomanus 
is  caused  by  a  rudimentary  development  of  the  radius,  and  is  usually 
associated  with  other  malpositions  in  the  individual. 


3.  Malpositions  the  Result  of  Excessive  Growth  or  Multiplication  of  Organs 

or  Parts  of  the  Body. 

§  147.  A  malformation  known  as  general  giant  growth  is  the  re- 
sult of  an  excessive  growth  of  the  whole  body,  w^hich  may  take  place  in 
utero  or  in  after-life.  During  extra-uterine  life  growth  far  beyond  the 
usual  maximum  may  take  x^lace. 

Partial  giant  grov^th  may  also  take  place  in  utero  or  after  birth, 
and  usually  affects  portions  of  the  extremities  or  the  head.  During 
extra-uterine  life  trauma  sometimes  gives  an  impulse  to  a  pathological 
excess  of  growth. 

In  these  hypertrophies  of  an  extremity — as,  for  example,  a  finger — 
the  structure  of  the  part  may  preserve  its  general  normal  relations,  all 
its  constituents  participating  in  the  abnormal  development.  In  other 
cases  certain  tissues  monopolize  the  growth,  as,  for  example,  the  soft 
parts,  especially  the  fat.  Furthermore,  the  enlarged  soft  parts  may 
show  a  pathological  structure,  as  exemplified  by  cases  in  which  the 
blood-  or  lymph-vessels  are  abnormally  developed.  When  the  extremi- 
ties are  the  seat  of  this  growth  the  condition  is  usually  designated  as 
elephantiasis.  When  the  thickened  portions  are  sharply  circumscribed 
they  are  usually  regarded  as  tumors,  and,  according  to  their  structures, 
are  classed  with  the  angiomata,  lymphangiomata,  or  fibromata.  On  the 
trunk  the  hypertrophies  usually  resemble  eleohantiasis,  but  sometimes 
24 
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they  assume  the  form  of  a  neoplasm.  The  same  is  true  when  the  parts 
affected  belong  to  the  face ;  the  lips,  cheeks,  and  tongue  being  not  in- 
frequently enlarged  and  distorted  b}'  a  hyperplasia  of  the  connective 
tissue  richly  endowed  with  lymphatic  vessels. 

Circumscribed  hypertrophies  of  the  bones  occur  in  various  parts  of 
the  skeleton,  and  are  sometimes  multiple.  The  bones  of  the  head — 
those  of  the  skull  as  well  as  those  of  the  face — may  be  the  seat  of  hyper- 
trophy, which  may  be  so  extensive  as  to  cause  a  deformity  of  one  or 
both  of  these  regions,  a  condition  known  as  leoiitiasis  ossea  (Fig.  124). 
Circumscribed  hypertrophies  also  lead  to  the  formation  of  osteomata  or 
exostoses,  often  multiple.  The  bones  of  the  hip  and  of  the  extremities 
may  present  hypertrophies  which  maj^  involve  single  bones  only,  or 
may  result  in  the  formation  of  atypical,  frequently  multiple,  masses  of 
bone. 


§  148.  Supernumerary  organs,  or  a  multiplication  of  the  parts  of 
the  skeleton  and  of  the  muscular  system,  are  not  uncommon,  and  are 
the  result  either  of  changes  occurring  early  in  the  development  of  the 
parts,  or  of  the  persistence  of  parts  that  are  normally  suppressed  as  de- 
velopment advances,  in  which  latter  case  they  may  perhaps  be  regarded 
as  examples  of  atavism. 

1.   Duplications  at  the  extremities. 

A  duplication  of  a  whole  extremity,   without  involving  either  the 
shoulder  or  the  i^elvis,  has  never  been  observed  in  man.     Duplication 
of  the  hands  and  feet  is  rare,  but  a  number  of  cases  are  on  record  (Fig. 
372).     The  number  of  fingers  may 
reach  nine  or  ten. 

Supernumerary  fingers  (poly= 
dactylism)  on  a  simple  hand, 
where  the  extra  fingers  are  at- 
tached at  the  radial  or  ulnar  side 


Fig.   372.— Polydactylism  with   duplication   of 
the  hand.    (After  Lancereaux.) 


Fig.  373.— Polydactvlism  in  a  new-bom  child. 
(Skeleton  only,)  Duphcation  of  the  phalanges  of 
the  fourth  and  fifth  fingers.    Natural  size. 


of  the  hand,  or  intercalated  between  the  normal  fingers,  are  more  com- 
mon than  a  duplication  of  the  whole  hand  (Fig.  369,  a,  and  Fig.  373). 
Similar  anomalies  occur  on  the  lower  extremities.     Frequently  the  du- 


SUPERNUMERARY   ORGANS. 


427 


plication  involves  only  the  first,  or  the  first  two,  terminal  joints  of  the 
fingers  (Fig.  374  and  Fig.  375).     When  attached  to  the  edge  of  the  hand 

the  fingers  may  be  well  developed  (Fig. 
373),  or  they  may  be  mere  rudiments. 
Occasionally  they  appear  as  small  pe- 
dunculated fibrous  tumors.      In  the  fully 


Fig.  374.— Polydactylism  and  syndactylism  of 
the  left  hand.    (Reduced  one-fifth.) 


Fig.    375.— Polydactylism  and  syndactylism  of 
the  right  foot.    (Reduced  one-flfth.) 


developed  supernumerary  fingers  the  phalanges  (Fig.  373)  may  artic- 
ulate with  the  metacarpal  or  metatarsal  bones  of  neighboring  fingers, 
or  with  supernumerary  bones  of  the  hand  or  foot,  which  in  turn  may 
articulate  with  supernumerary  carpal  or  tarsal  bones  (Fig.  369,  5  a) . 

Polydactylism  is  sometimes  inherited,  sometimes  the  result  of  intra- 
uterine influences  and  therefore  independent  of  heredity. 

2.  Supernumerary  nipples  and  breasts  (hyperthelia,  hypermastia) 
are  not  uncommon  anomaKes  in  both  sexes,  and  are  probably  to  be  re- 
garded as  examples  of  atavism.  They  are  usually  situated  on  the 
thorax,  along  two  lines  running  from  the  axillae  to  the  inguinal  regions ; 
but  they  may  rarely  be  in  other  places — e.g.,  the  axilla,  shoulder,  ab- 
domen, back,  or  thigh.  They  are  usually  small,  but  may  acquire  func- 
tional activit3^  when  pregnancy  takes  place.  Supernumerary  nipples 
may  reach  as  high  a  number  as  ten. 

3.  The  formation  in.  men  of  breasts  resembling  those  of  women  (gynas- 
comastia)  is  rare  in  well-developed  men  with  perfect  sexual  organs  (see 
Hermaphrodism,  §  149) ;  but  it  not  infrequently  happens  that  the  male 
breast  suffers  moderate  enlargement  at  puberty. 

4.  Duplication  of  the  penis  with  the  formation  of  two  urethrt^e,  is  of 
very  rare  occurrence. 

5.  Supernumerary  bones  and  muscles  are  of  frequent  occurrence. 
Extra  vertebrce  may  be  developed  at  any  part  of  the  spinal  column,  and, 
at  the  lower  end,  may  result  in  the  formation  of  a  tail.  Besides  the 
true  tails  containing  bones,  there  are,  according  to  Virchow,  two  forms 
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of  false  or  imperfect  tails,  which  contain  neither  bone  nor  cartilage. 
One  of  these  forms  he  regards  as  a  prolongation  of  the  spinal  column, 
while  the  other  he  looks  upon  as  a  cutaneous  appendage  of  various 
make-up,  which  may  sometimes  be  classed  with  the  teratomata.  The 
true  tails  are  very  rare,  and,  according  to  Bartels,  are  usually  the  result 
of  an  elongation  or  separation  of  the  vertebrae  rather  than  of  the  pres- 
ence of  supernumerary  bones. 

Siqjernumerary  ribs  in  the  neck  or  loins,  as  well  as  a  forking  of  the 
ribs,  are  not  rare. 

Supernumerary  teeth  also  occur. 

6.  Within  the  thorax  and  abdomen  duplications  of  the  viscera  are 
most  frequent  in  the  spleen,  pancreas,  suprarenal  bodies,  ureters,  renal 
pelves,  and  lungs ;  the}^  occur  more  rarely  in  the  ovaries,  liver,  kidneys, 
testicles,  and  bladder. 


4.   True  and  False  Hermaphrodism. 

§  149.  The  fact  that  the  sexual  organs  of  both  sexes  develop  from 
structures  that  are  originally  common  to  both,  and  which  contain  the 
beginnings  of  all  the  organs  of  both  sexes,  makes  it  a  priori  probable 
that  malformations  might  result  through  an  unequal  development  of  the 
organs  on  the  two  sides  of  the  body,  or  through  a  simultaneous  develop- 
ment of  organs  peculiar  to  the  two  sexes,  or,  finally,  through  a  lack  of 
harmonious  development  of  the  external  and  internal  genitalia. 

Those  malformations  in  which  a  single  individual  acquires  sexual 
organs  belonging  to  both  sexes  are  grouped  under  the  title  hermaph= 
rodism  (Fig.  376).  If  both  sexual  glands  (testis,  ovary)  are  present 
the  case  is  designated  as  hermaph  rodism  us  verus.  If  the  combination 
of  the  two  sexes  consists  merely  of  a  simultaneous  development  of  male 
and  female  genital  passages,  or  of  internal  organs  belonging  to  one  sex 
and  sexual  passages  belonging  to  or  simulating  the  other  sex,  the  case 
is  one  of  false  hermaphrodism  or  pseudohermaphrodismus.  The  true 
sex  is  determined  by  the  nature  of  the  essential  sexual  glands  present 
(ovary,  testis). 

The  bodily  habit  of  hermaphrodites  frequently  shows  a  curious 
blending  of  male  and  female  characteristics.  For  example,  the  breasts, 
neck,  and  shoulders  may  approach  the  female  type,  while  a  development 
of  the  beard,  face,  larynx,  and  voice  may  correspond  to  the  male  type. 
In  false  hermaphrodites  the  bodily  habitus  may  by  no  means  always 
correspond  to  the  true  nature  of  the  sex  of  the  individual ;  a  male  may 
resemble  a  female,  and  vice  versa. 

The  following  chief  forms  of  hermaphrodism  are  enumerated  bv 
Klebs : 

J.   Hermaphrodismus  verus,  or  androgynes. 

1.  Hermaphrodismus  verus  hilateraUs,  characterized  by  the  presence 
of  both  testis  and  ovary  on  both  sides,  or  the  presence  on  both  sides  of 
a  compound  organ  containing  testicular  and  ovarian  structures.  Ac- 
cording to  Klebs,  no  certainly  authentic  case  of  this  kind  is  on  record 
for  the  human  species.  Heppner  asserts,  however,  that  he  found  both 
ovary  and  testis  in  the  broad  ligaments  of  an  individual  with  hermaph- 
roditic external  genitals  and  possessed  of  a  vagina,  uterus,  and  Fallo- 
pian tubes. 

2.  Hei^maphrodismus  vents  itnilateralis.     Cases  in  which  both  sexual 
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glands  are  present  on  one  side,  while  only  one  is  present  on  the  other 
side  of  the  body.  No  authentic  case  of  this  malformation  is  on  rec- 
ord. 

3.  Hermaphrodismus  verus  lateralis.  These  are  cases  in  which  there 
is  an  ovary  on  one  side,  a  testis  on  the  other.  They  have  been  fre- 
quently described  in  human  beings  (Kudolph,  Stark,  Berthold,  Barkow, 
H.  Meyer,  Klebs,  Messner,  and  others),  but  usually  without  exact  mi- 
croscopical examination.  In  the  cases  in  which  that  has  been  undertaken, 
ovarian  structures  had  not  been  made  out  with  certainty  until  Obolonsky 
made  a  histological  study  of  a  case  in  the  collection  of  the  German  uni- 
versity in  Prague,  and  established  the  fact  of  a  testis  on  the  right  (Fig. 
376,  o)  and  an  ovary  (Ä')  on  the  left  side.  The  broad  ligament  on  the 
right  side  contained  a  testis  (o),  an  epididymis  (}:)),  a  vas  deferens  (g), 


Fig.  376.— Hermaphrodismus  verus  lateralis.  (After  Obolonsky.)  a,  Urethra  ;  5,  prostate ;  c,  colliculus 
d,  hymen;  e,  urogenital  canal;  /,  bladder;  g,  vagina;  h,  uterus;  hi,  left  uterine  horn:  j,  left 
tube ;  ii,  infimdib uliform  extremity  of  left  tube ;  k.  left  ovary ;  I,  ovarian  ligament ;  m,  left  round  ligament ; 
n,  right  tube  ;  o.  right  testis ;  p.  epididymis ;  q,  right  vas  deferens  ;  r,  right  round  ligament  (About  one- 
hall  natural  size.    Specimen  in  the  pathological  collection  of  the  German  Pathologicaflnstitute  in  Prague.) 


a  rudimentary  tube  (?i),  and  a  round  ligament  {r).  The  left  broad  liga- 
ment contained  an  ovary  (Jc)  with  an  ovarian  ligament  {!)  and  a  well-de- 
veloped tube  {i).  There  was  also  a  uterus  (A),  vagina  ig),  and  a  prostate 
(6) .  According  to  published  observations  of  cases  falling  in  this  class, 
the  sexual  passages  corresponding  to  the  glands  may  all  be  developed 
or  some  of  them  may  be  lacking.  The  external  genitals  are  malformed, 
and  combine  structures  belonging  to  both  sexes. 

IL  Hermaphrodismus  spurius,  or  pseudohermaphrodismus,  char- 
acterized by  bisexual  development  of  the  external  genitals  and  genital 
passages,  associated  with  a  unisexual  development  of  the  essential  sex- 
ual glands.  The  most  pronounced  cases  occur  in  males  who,  besides 
their  proper  sexual  organs,  possess  more  or  less  well-developed  vagina, 
uterus,  and  tubes.  It  is  much  rarer  to  find  that  portions  of  the  Wolffian 
duct  have  developed  in  females. 

In  male  false  hermaphrodites  the  external  genitals  are  frequently 
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malformed  and  approach  the  female  type,  while  in  the  female  they  re- 
semble the  male  (Fig.  377). 

This  resemblance  is  brought  about  in  the  male  when  the  penis  is 
stunted,  its  ventral  furrow  fails  to  close  (hypospadias),  and  the  two 
halves  of  the  scrotum  remain  separate,  resembling  the  labia  majora 
(especially  when  the  testes  do  not  descend),  in  which  case  there  is 
usually  a  depression  at  the  root  of  the  penis  between  the  scrotal  halves. 
In  the  female  the  male  genitalia  are  simulated  by  a  development  of  the 
clitoris  into  a  sort  of  penis  (Fig.  377,  a) ,  a  union  of  the  labia,  and  nar- 
rowing or  even  closing  of  the  ostium  vaginae.     The  vagina  and  urethra 


Fig.  3T 


-External  genitalia  of  a  female  false  hermaphrodite  with  vaginal  stenosis,    a,  Clitoris  resembling 
penis ;  ?>,  labia  majora.     (Five-sixths  natural  size.) 


may  have  a  common  opening  or  separate  openings  beneath  the  x>enile 
clitoris. 

Malformation  of  the  external  genitals  does  not  necessarily  imply 
malformations  in  other  portions  of  the  sexual  apparatus. 

1.  Pseudoliermcqjlirodisrnus  mascuUnus  occurs  in  three  varieties: 

First,  pseudohenncqohrodismus  mascuUnus  internus.  The  external 
genitalia  belong  to  the  male  type,  and  the  prostate  is  also  developed, 
but  is  usually  pierced,  generally  at  the  colliculus  seminalis,  by  a  canal 
which  communicates  with  the  urethra  and  passes  above  into  a  rudimen- 
tary or  more  or  less  well-developed  vagina,  and  occasionally  uterus,  and 
even  tubes.  The  male  organs  maj'  be  well  developed  or  more  or  less 
malformed. 

Second,  pseudolierrnaphrodismus  mascuUnus  conipletus  or  externus  et 
internus.  Yagina,  uterus,  and  tubes  are  present,  either  more  or  less 
completely  developed  or  in  a  rudimentary  state,  and  the  external  geni- 
talia more  or  less  resemble  the  female  type.  The  penis  exhibits  the 
condition  of  hypospadias  resembling  the  clitoris,  and  at  its  root  there  is 
usuall}^  an  orifice  leading  into  a  vestibule  which  divides  into  a  urethra 
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and  a  vagina.  Sometimes  the  vestibule  and  vagina  are  separate.  In 
rare  cases  the  external  genitals  appear  normal,  but  the  penis  contains 
two  canals,  one,  the  upper,  being  the  urethra,  the  other  the  sexual  pas- 
sage. When  the  ducts  of  Müller  are  highly  developed  the  vasa  defer- 
entia  are  &*equently  defective,  and  sometimes  the  vesiculse  seminales 
are  wanting. 

Third,  pseudohermaphrodismus  mascuUnus  externus.  Only  the  exter- 
nal genitalia  depart  from  the  male  type,  resembling  more  or  less  per- 
fectly those  parts  in  the  female.  As  in  these  cases  the  bodily  habitus 
often  simulates  that  of  the  female,  they  may  readily  cause  a  mistake  in 
the  sex. 

2.  Pseudohermaphrodismus  femininus  also  occurs  in  three  varieties, 
but  is  rarer  than  masculine  false  hermaphrodism. 

In  2^seudohermaphrodismus  femininus  internus  rudiments  of  the  Wolf- 
fian ducts,  lying  in  the  broad  ligaments  or  in  the  uterovaginal  walls, 
and  sometimes  extending  to  the  clitoris,  are  found  in  individuals  with 
well-developed  external  genitals. 

Pseudohermaphrodismus  femininus  externus  is  characterized  by  exter- 
nal genitalia  resembling  those  of  the  male  (Fig.  377). 

Pseudohermaphrodismus  femininus  externus  et  internus,  in  which  the 
external  genitals  resemble  the  male  and  there  is  a  persistence  of  parts  of 
the  Wolffian  ducts,  has  been  recorded  in  only  two  cases  (Manec,  Bouil- 
laud,  and  L.  de  Crecchio).  In  one  of  the  cases  there  was  a  prostate,  in 
the  other  a  prostate  pierced  by  the  vagina,  an  ejaculatory  duct,  and  a 
sac  resembling  a  seminal  vesicle,  which  opened  into  the  vagina. 

The  internal  sexual  organs  develop  from  elements  which  in  the  beginning  are  the 
same  and  undifferentiated  in  the  two  sexes.  These  elements  are  a  sexual  gland  lying 
antero-internally  to  the  Wolffian  body  and  a  sexual  canal  known  as  Müller 's  duct.  The 
latter  develops  beside  the  Wolffian  duct  and,  like  it,  empties  into  the  lower  end  of  the 
bladder  or  into  the  sinus  urogenitalis. 

In  the  male  the  duct  of  Müller  nearly  disappears,  only  a  trace,  thevesicula  prostatica 
or  uterus  masculinus,  remaining;  the  primitive  sexual  gland  unites  with  a  part  of  the 
Wolffian  body,  which  becomes  the  epididymis,  another  small  portion  forming  the  vasa 
aberrantia  testis  (organ  of  Giraldes),  while  the  chief  bulk  of  the  organ  disappears,  and 
the  Wolffian  duct  becomes  the  vas  deferens  and  vesicula  seminalis. 

In  the  female  the  Wolffian  body  and  its  duct  disappear,  leaving  only  a  trace,  the 
parovarium,  behind.  From  the  ducts  of  Müller,  which  coalesce  at  their  lower  ends,  de- 
velop the  vagina,  uterus,  and  Fallopian  tubes,  the  extreme  upper  end  often  persisting  as 
a  little  sac,  the  hydatid  of  Morgagni. 

The  sexual  gland  first  appears  in  the  fifth  week.  It  is  produced  in  mammalia  (and 
probably  in  man)  by  a  thickening  of  the  peritoneal  epithelium,  which  becomes  the  ger- 
minal epithelium  of  the  organ  (Waldeyer),  while  the  mesoderm  also  proliferates. 
Whether  the  seminal  tubules  are  derived  from  the  peritoneal  epithelium  (Bornhaupt, 
Egli),  or  whether  they  are  derived  from  the  Wolffian  body  (Waldeyer),  is  still  a  mooted 
question  (Kölliker).  The  ova  spring  from  the  germinal  epithelium.  The  environing 
cells  of  the  Graafian  follicle  are  regarded  by  Waldeyer  as  also  derived  from  the  germinal 
epithelium,  while  Kölliker  thinks  they  are  probably  derived  from  the  Wolffian  body. 

The  significance  of  the  pedunculate  and  non-pedunculate  hydatids,  situated  in  vary- 
ing numbers  near  the  globus  major,  is  not  as  yet  fully  determined  (Kölliker).  ^  Accord- 
ing to  Waldeyer,  the  hydatid  of  Morgagni  is  to  be  regarded  as  a  remnant  of  Müller "s 
duct.  Roth  thinks  it  may  also  stand  in  close  relation  to  the  Wolffian  body,  inasmuch 
as  occasionally  a  vas  aberrans  of  the  epididymis  communicates  with  it. 

The  ducts  of  Müller  and  the  Wolffian  ducts  join  in  the  female  to  form  a  single 
strand.  At  the  end  of  the  second  month  the  ducts  of  Müller  coalesce,  at  first  near  their 
centres  and  then  farther  down,  to  form  the  uterus  and  the  vagina.  The  Wolffian  ducts 
gradually  disappear  or  are  represented  by  mere  remnants,  situated  at  birth  in  the  broad 
ligaments  (Kölliker)  or  in  the  walls  of  the  uterus  (Beigel).  Riedel  holds  that  they  per- 
sist throughout  life  in  about  one-third  of  the  cases,  consisting  of  a  strand  of  cylindrical 
epithelium  surrounded  by  muscular  tissue,  or  of  a  mere  nuiscular  bundle  lying  in  front 
and  to  the  side  of  the  uterus  and  vagina. 
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■  The  external  genitals  begin  to  develop  even  before  the  separation  of  the  intestinal 

and  genito-urinary  orifices,  by  the  formation,  in  the  sixth  week,  of  a  median  genital 
eminence  just  in  front  of  the  cloaca,  and  of  two  lateral  sexual  folds.  Toward  the  end 
of  the  second  month  the  eminence  becomes  more  prominent  and  its  lower  surface  is 
furrowed.  In  the  third  month  the  cloaca  becomes  divided  to  form  the  anal  and  genito- 
urinary orifices.  In  the  male  the  genital  eminence  develops  into  the  penis,  the  glans  be- 
coming recognizable  in  the  third  month,  and  the  furrow  closing  to  form  a  tube  (the 
urethra)  in  the  fourth  month.  Meanwhile  the  two  genital  folds  unite  to  form  the 
scrotum. 

The  prepuce  is  formed  in  the  fourth  month.  The  prostate  starts  in  the  third  month 
as  a  thickening  of  the  tissues  at  the  junction  of  the  urethra  and  sexual  passages,  its 
glandular  portions  springing  from  the  epithelium  of  the  canal  and  extending  into  the 
surrounding  fibrous  tissue. 

In  the  female  embryo  the  genital  furrows  and  genital  folds  do  not  unite,  so  that  the 
sinus  urogenital  is  remains  short.  The  genital  eminence  becomes  the  clitoris,  the  folds 
become  the  labia  majora,  the  borders  of  the  genital  furrows  the  labia  m.inora. 


5.  Double  Monsters. 


(a)  Classification  of  Double  Monsters. 


§  150.  Twin  formations  lying  within  a  single  chorion  may  be  di- 
vided into  two  large  groui)s :  in  one  group  they  are  entirely  distinct  one 

from  the  other,  in  the  second  group  por- 
tions  of  the  bodies  are  united. 

In  the  group  of  twins  entirely 
separate  one  from  the  other,  there 
are  again  two  types  to  be  distinguished : 
that  in  which  both  tirins  are  fully  de- 
veloped, and  that  in  which  one  tivin  is 
stunted. 

Twins  joined   together  by  portions 


Fig,  378,— Acardiacus  acephalus,  showing  a 
rudimentary  development  of  the  lower  extremi- 
ties (acardiacus  amorphus). 


Fig.  379.— Acardiacus  pseudoacormus.  (After  Bar- 
kow.)  a.  Head ;  b,  rudiment  of  the  left  upper  extrem- 
ity; c,  rudimentary  intestine ;  (/,  artery ;  c,  vein. 


of  their  bodies  may  in  the  same  way  be  again  divided  into  two  groups, 
namely,  into  the  equally  and  the  unequally  developed. 

In  reference  to  the  situation  of  duplicated  parts  of  the  body  one  may 
distinguish  (Foerster,  Marchand)  : 
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1.  Monstra  duplicia  katadidyma  or  duplicitas  anterior. 

2.  Monstra  duplicia  anadidyma  or  duplicitas  posterior. 

3.  Monstra  duplicia  anakatadi- 
dyma  or  duplicitas  parallela. 

They  may  further  be  conveniently 
grouped  in  three  families  (Taruffi) : 


Fig.  380. 


Fig.  381. 


Fig.  380.— Pygopagus.  ( From  Marchand. )  A,  B,  The  two  twins ;  a,  &,  the  separate  umbilical  cords ;  c,  the 
two  cords  united  into  one ;  d,  the  common  placenta.  There  is  a  single  coccyx  and  sacrum  (from  the  second 
vertebra  downward),  and  the  lower  end  of  medullary  is  canal  sinsle.  The  two  Intestinal  canals  terminate  in 
a  single  anus ;  while  all  the  other  sexual  organs  are  double,  there^is  a  common  vestibule  for  the  two  vagina?. 

Fig.  381.— Ischiopagus.     (From  Levy.) 

1.  Twins  united  mainly  by  the  epigastrium  and  thorax. 

2.  Twins  united  mainly  by  the  heads. 

3.  Twins  united  mainly  by  the  pelves. 

Ahlfeld  divided  double  monsters  into  two  main  groups,  those  with 
complete  and  those  icith  partial  duplication  of  the  axial  structures. 
In  verv  rare  instances  triple  monsters  are  found. 


(h)   The  Chief  Forms  of  Double  Monsters. 


§  151.  Twins  separated  from  each  other  and  lying  within  the  same 
chorion  are  designated  homologous  twins.  They  are  always  of  the 
same  sex,  have  usually  a  common  placenta,  and  resemble  one  another 
verj'  closely.  If  from  any  cause  one  of  the  twins  dies  after  its  body  has 
been  developed,  it  may  be  pressed  flat  by  the  farther  growth  of  its  fellow. 
A  foetus  papyraceus  results. 

When  twins  possess  a  common  placenta  within  which  the  blood- 
vessels have  abundant  anastomotic  connections,  the  heart  of  the  stronger 
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twin  may  work  the  circulation  alone,  and  thereby  cause  alterations  in 
the  direction  of  the  blood  stream  in  the  weaker  foetus.  The  result  of 
this  is  that  the  latter  suffers  grave  disturb- 
ances in  its  development  and  becomes  an 
acardiacus,  a  momte?'  loitliout  a  heart,  and 
develops  either  no  heart  at  all  or  only  a  ru- 
dimentary heart.  In  most  of  these  cases  the 
head  also  fails  to  develop  (acardiacus  acepha- 
lus)  or  remains  rudimentary  (acardiacus  para- 
cephalus),  and  generally  there  is  also  no 
development,  or  only  in  a  rudimentary  form, 
of  the  upper  extremities,  the  thoracic  walls 
and  lungs  and  the  liver;  while  the  abdomen. 


Fig. 


hm 


-Diprosopus  distomus  tetrophthalmus  diotus 
dibrachius. 


-Craniopagiis  parietalis. 


pelvis,  and  lower  extremities  are  more  or  less  perfectly  formed  (Fig. 
378).  According  to  the  development  of  the  extremities  one  may  distin- 
guish the  following  varieties:  acardiacus  paracephalus  (or  acephalus) 
sympus,  monopus,  dipus,  monohrachius,  dibrachius. 

In  rarer  cases  there  is  no  distinct  formation  of  any  part  of  the  body 
and  there  results  an  acardiacus  amorphus,  a  shapeless  mass,  mostly  with- 
out indication  of  extremities,  and  having  inside  only  rudiments  of 
organs. 

An  acardiacus  p>seudoacormus  is  a  very  rare  formation  (Fig.  379).  In 
this  monster  only  the  head  (a)  is  developed,  while  merely  small  rudi- 
ments of  the  rest  of  the  body  are  present. 
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§  152.  Twins  equally  developed  and  bound  together  occur  in  the 
following  principal  types : 

1.  Duplicitas  anterior  [monstra  duplicia  katadidyma),  duplication  of 
tlie  anterior  portions  of  the  body  with  union  of  the  posterior  por- 
tions. 

Pygopagus  (Fig.  380).  Union  of  the  twins  in  the  region  of  the 
coccyx  or  of  the  sacrum.  According  as  the  union  is  more  or  less  ex- 
tensive, the  sacrum,  coccyx,  lower  end  of  the  medullary  canal,  anal 
opening,  lower  end  of  the  bowel,  and  the  sexual  apparatus  are  duplicated 
or  partly  single. 

Ischiopagus  (Fig.  381).  Union  of  the  twins  in  the  pelvis,  through 
which  it  comes  to  form  a  wide  ring,  while  the  two  sacra  are  opposite  one 
another.  The  anus,  the  end  of  the  bowel,  and  the  sexual  organs  may 
be  single  or  duplicated,  and  the  number  of  the  lower  extremities  from 
two  to  four. 

Dicephalus  and  diprosopus  (Fig.  382).  This  duplication  is  limited 
to  the  upper  part  of  the  trunk  and  the  head,  or  to  the  neck  and  head 
alone,  or,  finally,  only  to  portions  of  the  head.  As  the  external  blend- 
ing increases,  there  comes  also  a  unification  of  the  internal  organs,  the 
spinal  cord,  brain,  etc.  According  to  the  number  of  the  lower  and  up- 
per extremities  one  may  distinguish  dicephalus  tetrapus,  dijms,  tefrabra' 


Fig.  384.— Cephalothoracopagus  or  synceph- 
alus  with  janus  head.  Both  anterior  and 
posterior  faces  are  malformed,  having  only 
one  eye,  and  a  nose  resembling  a  proboscis 
situated  above  the  eye. 


Fig.  385.— Thoracopagus  tribrachius  tripus.  The  hand 
of  the  third  arm,  common  to  both  halves,  has  two  dorsal 
surfaces,  and  the  laterally  distorted  fingers  possess  nails 
on  both  sides.    The  third  foot  has  eight  toes. 


chins,  dibrachius.  When  the  heads  have  blended  one  may  distinguish 
diprosopus  tetrophthahnus,  triophthalmus,  diophthahnus,  tetrotus,  friotus, 
diotus,  distomus,  monostomus,  tribrachius,  dibrachius. 
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The  mildest  grades  of  duplicitas  anterior  are  the  rare  cases  of  dupli- 
cation of  tliejaw  or  of  the  mouth  and  the  nose. 

2.   Duplicitas   posterior  {moristra  dupUcia   anadidyma).     This   is  a 
union  of  the  twins  at  the  head  and  thence  farther  downward,  with  dupli- 
cation   of    the    i)osterior    parts    of   the 
body. 

Craniopagus  (Fig.  383).     This  is  a 
union  of  the  twins  in  the  cranial  part 


Fig.  386. — Polymelos.    (From  Lancereaux.) 


Fig.  387.— Polymelos.    (From  Lieaching.) 


of  the  head.  According  to  the  site  of  union  one  distinguishes  era- 
niopagus  p)arietalis,  frontalis,  occipitalis.  When  union  is  extensive, 
portions  of  the  brain  are  also  single. 

Cephalothorocopagus  s.  Syncephalus  (Fig.  384).  A  union  of  the 
twins  in  the  region  of  the  forehead,  face,  and  partly  also  the  belly .  In 
the  region  of  the  united  heads,  there  is  an  anterior  and  a  posterior  face 
(Janus,  janiceps).  The  two  faces  maybe  equally  (janus  symmetros)  or 
unequally  (janus  asynnnetros)  developed.  The  internal  organs  show 
varying  degrees  of  blending  and  singleness. 

Dipygus.  Duplication  is  confined  to  the  lower  half  of  the  body  and 
the  lower  extremities,  while  the  upper  parts  are  either  wholly  single  or 
only  partly  cleft.  The  duplication  of  the  spinal  cord  may  begin  at  vari- 
ous elevations.  One  may  distinguish  various  forms  based  on  the  num- 
ber of  the  extremities.  The  mildest  grades  of  duplication  are  confined 
to  the  lower  end  of  the  spinal  column,  the  anus,  and  the  external  sexual 
organs. 

3.  Duplicitas  parallela  (moustra  duplicia  analcadidyma).  Duplica- 
tion at  the  anterior  and  posterior  ends  of  the  body  with  parallel  posi- 
tions of  the  two  trunks. 

Thoracopagus  (Fig.  385).  Union  of  the  twins  by  the  chests.  Ac- 
cording to  the  seat  an(i  extent  of  the  union,  as  well  as  according  to  the 
number  of  extremities  present,  one  may  distinguish  various  forms,  as : 
Xip>hopagus  (union  at  the  xiphoid  process  of  the  sternum),  sternopagus 
(union  at  the  sternum),  thoracopagus  tetrabrachius,  trihrachius,  dihra- 
chius,  teirapus,  tripus,  dipus.     If  portions  of  the  faces  have  melted  to- 
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gether  as  well,  there  results  a  prosopothoracopagus.  Melting  together 
and  resulting  singleness  of  the  internal  organs  vary  along  with  the  de- 
gree of  outward  blending.  The  heart  may  be  double  or  single,  in  the 
latter  case  being  malformed.  This  monstrosity  is  comparatively  fre- 
quent. 

Rachipagus.     Blending  of  the  twins  in  the  region  of  the  spinal  col- 
umn is  very  rare. 


§  153.  Twains  joined  together  but  unequally  developed  may  occur 
in  any  of  the  double  forms  described  in  §  152.  If  the  development  of 
one  of  the  twins  remains  only  rudimentary  and  no  heart  develops,  its 
nourishment  can  come  only  from  its  developed  fellow.  The  well-de- 
veloped one  is  then  known  as  the  autosite  and  the  rudimentary  one  as 
the  parasite.  If  the  parasite  is  only  very  rudimentary,  it  is  classed 
with  the  bigerminal  teratomata  (cf.  §  134). 

At  the  posterior  end  of  the  body  a  rudimentary  parasitic  double  mon- 
strosity occurs  in  the  form  of  increase  in  the  number  of  the  extremities,  a 
polymelos  (Fig.  386  and  Fig.  387).  The  extra  extremities  may  be  one 
or  two  in  number  and  may  have  undergone  more  or  less  perfect  develop- 
ment. The  malformation  may  be  regarded  as  a  dipygus  parasiticus.  In 
the  coccygeal  region  it  is  not  rare  to  find  teratomata,  in  which  the  pres- 
ence of  rudimentary  extremities  (Fig.  388  a,  b,  c)  or  various  body 
portions  leaves  no  doubt  that  what  presents  itself  to  external  view  as  a 
tumor,  covered  as  it  is  by  the  skin  of  the  autosite,  is  in  reality  to  be 


Fig.  388,— Bigerminal  teratoma  of  the  coccygeal 
region.  (Pyopagus  parasiticus.)  a,  6,  c,  Extremi- 
ties, which  are  lying  in  a  sac  formed  by  the  skin  of 
the  autosite. 


Fig.  389.— Thoracopagus  parasiticus  (polymelos). 
Three  legs  spring  from  the  pelvis,  and  one  of  them 
has  a  double  foot.  Two  upper  extremities  project 
from  the  anterior  wall  of  the  chest. 


regarded  as  a  double  monster,  a  rudimentary  pygopagus  (Fig.   388)  or 
else  a  dipygus  parasiticus.     The  parasite  is  called  an  epipygus. 

On  the  trunk,  also,  extra  extremities  occur  (Fig.  389),  or  a  headless 
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trunk  ivitli  extremities  (Fig.  390),  or  a  rudimentary  one  only,  luithout  ex- 
tremities;  or,  finally,  teratomata,  formations  which  one  may  regard  as 
thoracopagus  parasiticus  and  as  dipygus  p><^>'- 
asiticus.  The  malformation  is  also  often 
called  an  epigastrius. 

Where    such  teratomata   lie  beneath  the 


Fig.  390.  Fig.  391. 


Fig.  390.~Dipygus  parasiticus.  (From  Schenk  von  Graefenberg.)  Parasite  springs  from  the  thorax  of 
the  autosite. 

Fig.  391.— Epignathus.    (After  Lancereaux.) 

skin  of  the  belly  or  chest  of,  or  are  within  the  abdominal  or  the  thoracic 
cavity  of,  the  autosite,  the  conditions  are  known  as  inclusio  foetalis  sub- 
cutanea or  abdominalis  or  mediastinalis.  The  abdominal  inclusion  is 
also  called  engastrius. 

In  the  region  of  the  head  a  rudimentary  twin-formation  is  most  fre- 
quent in  the  mouth,  being  usually  a  formless  mass,  firmly  adherent  to 
the  base  of  the  skull,  called  an  epignathus  (Fig.  391)  and  composed  of 
skin,  connective  tissue,  cartilage,  bone,  brain  substance,  teeth,  intestinal 
elements  and  muscles,  rarely  containing  well-formed  extremities. 

On  other  parts  of  the  head  rudimentary^  twin-formations  or  biger- 
minal  teratomata  are  very  rare  (cf.  §  134). 


CHAPTER  IX. 

Fission=fungi  which  Exist  as  Parasites  and  the  Dis= 
eases  Caused  by  Them. 

I.  General  Considerations    in  Regard  to  the   Schizomycetes  or   Fis= 

sion=fungi. 

1.   General  Morpliology  mfd  Biology  of  the  Fission-fungi. 

§  154.  The  schizomycetes  or  fission=fungi,  also  frequently  called 
collectively  bacteria,  belong  to  the  j^rotopJiytes — i.e.,  to  the  very  small- 
est, simplest  x:>lants.  Many  of  them  are  so  small  that  they  stand  upon 
the  very  border-line  of  invisibility  even  with  the  use  of  the  strongest 
system  of  lenses.  When  they  occur  in  animal  tissues  they  are  therefore 
often  to  be  distinguished  from  disintegrated  cell-products  of  the  tissues 
only  with  the  greatest  trouble — i.e.,  only  by  the  use  of  different  re- 
agents or  methods  of  staining. 

The  fission-fungi  throughout  are  devoid  of  chlorophyll  and  are  unicellu- 
lar organisms,  but  they  are  often  found  aggregated  in  smaller  and  larger 
colonies. 

The  form  and  character  of  the  individual  cells,  as  well  as  their 
growth,  their  division  and  reproduction,  are  different,  and  at  present 
these  differences  are  used  to  group  the  bacteria  into  different  genera. 
The  cocci,  often  also  called  micrococci,  constitute  the  first  genus  of  fis- 
sion-fungi, and  constantly  occur  as  spherical  or  oval  cells,  and  were 
formerly  often  called  sphcerohacteria  (Cohn).  Six  forms  of  growth  can 
be  distinguished  according  to  their  grouping  in  the  process  of  reproduc- 
tion :  double  cocci  or  diplococci,  chain-cocci  or  streptococci,  clustered  cocci 
or  staphylococci,  tablet-formed  cocci  or  merismopedia,  packet-shaped  cocci 
or  sarcince,  and  tubular  cocci  or  ascococci. 

The  bacilli  (rod-shaped  bacteria)  form  the  second  class,  which  was 
formerly  divided  by  Cohn  into  microbacteria  and  desmobacteria,  accord- 
ing to  the  length  of  the  rods.  Hence  they  may  also  be  classified  as 
short  rods  and  long  rods.  Along  with  the  designation  bacillus  many 
authors  employ  the  name  Clostridium  for  bacilli  which  assume  spindle 
and  club  shapes  in  the  formation  of  spores.  Long  threads  are  also 
often  called  leptothrix. 

The  spirilla  (screw-like  coiled  rods)  form  the  third  genus.  Screws 
with  short,  wide  turns  are  called  spirilla,  those  with  drawn-out  turns 
vibrios,  those  with  a  long,  narrowly  twisted  screw,  spirochaete.  They 
may  also  be  subdivided,  according  to  their  length,  into  short  screws  and 
long  screws. 

All  of  the  bacteria  as  yet  referred  to  occur  either  in  one  single  form 
of  growth  or  in  a  very  limited  cycle  of  forms  of  growth,  and  may  there- 
fore be  grouped  together  as   monomorphic  or  oligomorphic  bacteria. 


i-iO  MULTIPLICATION   AXD    SPORE-FORMATION. 

Cohn,  J  whom  we  are  indebted  for  the  fundamental  investigations  of 
the  bacteria,  united  under  this  term  exclusively  these  oligomer phic 
organisms. 

By  many  authors,  however,  organisms  which  display  in  their  indi- 
vidual development  a  long  series  of  forms  of  growth — i.e.,  forming 
spherical  cells  as  well  as  rods  and  simple  and  branched  threads — have 
also  been  classified  as  bacteria.  These  can  be  brought  together  in  a 
second  group — the  polymorphous  bacteria — where  belong  especially 
such  fungi  as  lejitothrix,  cladothrix,  heggiatoa,  and  crenothrix. 

The  fission-fungi  are  all  made  up  of  a  plasma,  or  celUcontents,  sur- 
rounded by  a  cell=membrane,  both,  according  to  Nencki,  consisting  for 
the  most  part  of  an  albuminous  substance,  or  mycoprotein.  According 
to  A.  Fischer  the  contents  are  formed  of  a  protoplasmic  tube  without  a 
nucleus,  but  with  a  central  collection  of  fluid.  Bütschli,  Schottelius, 
and  others  conceive  the  recognizable  central  bodies  in  the  single  bac- 
teria to  be  nuclei.  According  to  Nägeli,  Zopf,  and  others,  many  fission- 
fungi  possess  a  membrane  consisting  of  cellulose,  or  at  least  of  a  carbo- 
hydrate very  nearly  resembling  cellulose.  This  membrane  becomes 
turgid  under  certain  conditions  of  growth  in  many  of  the  bacteria,  and 
forms  a  capsule  having  a  hyaline  api^earance. 

In  all  forms  of  the  bacteria  except  the  cocci  wandering  motion  has 
been  observed,  which  is  brought  about  by  means  of  fioe  flagellate 
threads  in  lively  vibration.  In  addition  there  is  a  slow  oscillatory  or  a 
gliding  and  creeping  motion  carried  on  by  the  contractile  and  flexile 
plasma.  Both  forms  of  motion  appear  onh'  under  certain  conditions  of 
nutrition  and  growth  and  onl}'  in  certain  species. 

riultiplication  of  the  bacteria  takes  place  by  transverse  division  of 
the  cell,  which  previously  grows  out  longitudinally.  In  some  forms 
division  can  take  place  in  two  or  even  in  all  three  dimensions  of  space. 
After  division  the  cells  separate  immediately  or  remain  for  a  time  hang- 
ing together.  If  the}-  hang  together  after  dividing  according  to  the  first 
method,  they  form  threads  [streptococci,  leptotlirix);  according  to  the 
second  method,  colonies  in  a  plane  are  formed  {merismopedia)  \  accord- 
ing to  the  third  method,  colonies  are  formed  in  a  solid  body  (sarcime). 
Long  threads  can  become  segmented  into  shorter  pieces. 

According  to  the  investigations  of  Büchner,  Longard,  and  Riedlin, 
the  period  of  reproduction — i.e.,  the  length  of  time  from  one  cell-divi- 
sion to  the  next — in  the  cholera-spirillum  under  favorable  conditions  of 
nutrition  varies  from  fifteen  to  forty  minutes. 

If  the  bacteria  in  the  period  of  rest  aggregate  into  clumps  in  conse- 
quence of  constantly  progressing  reproduction,  or  by  the  accumulation 
of  neighboring  cells  anywhere  in  great  masses,  there  are  often  formed 
glutinous  colonies  which  are  called  zoögloea.  The  jelly  is  formed  out 
of  the  cell-membranes  of  the  fission-fungi,  and,  according  to  Nencki, 
it  also  consists  of  mycoprotein.  The  glutinous  masses  can  assume  the 
most  various  shapes,  and  reach  at  times  a  considerable  size,  forming 
clumps  or  patches  or  ropes  of  from  one  to  three  or  more  centimetres  in 
diameter. 

Under  certain  circumstances  many  of  the  fission-fungi  form  spores. 
These  are  cells  which  are  distinguished  by  the  fact  that  they  remain 
alive  under  conditions  in  which  the  ordinary  vegetative  forms  die ;  and 
moreover,  when  the}^  are  put  into  fresh  nutrient  solutions,  they  can  pro- 
duce a  new  generation.  Most  frequently  the  spore-formation  is  endogenic 
— i.e.,  the  spore  arises  inside  of  a  cell,  especially  in  bacilli,  and  is  de- 
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veloped  out  of  tlie  protoplasm  of  the  cell.  In  the  latter  a  small -^  janule 
appears,  which  grows  out  into  an  oblong  or  round,  highly  refractive, 
sharply  contoured  body,  always  remaining  smaller  than  the  mother-cell. 
The  spore  becomes  free  after  the  disintegration  of  the  mother-cell.  The 
formation  of  arthrosjwres,  observed  in  micrococci,  is  said  to  take  place 
by  the  assumption  directly  of  the  characteristics  of  spores  by  individual 
members  of  a  colony  or  of  one  of  the  series  of  generations,  while  at  the 
same  time  they  either  remain  externally  unaltered  or  take  on  other  mor- 
phological peculiarities. 

In  old  cultures  the  bacteria  nearly  always  show  degeneration  forms 
which  are  swollen  and  distorted,  and  take  the  stain  poorly  and  irregu- 
larly. 

Babes  and  Ernst,  by  special  methods  of  staining  with  Löffler's  methylene  blue, 
hematoxylin,  and  Plainer "s  nuclear  black,  have  found  in  the  interior  of  different  bac- 
teria granules  which,  according  to  their  behavior,  probably  bear  some  relation  to  the 
cell-division  and  to  the  spore-formation.  Ernst  designates  "^the  bodies  found  by  him  as 
sporogenic  granules,  since  he-was  able  to  trace  in  some  bacteria  the  transition  of  these 
into  spores.  He  is  inclined  to  attribute  to  them  the  nature  of  a  cell-nucleus,  a  view 
assented  to  by  Btitschli.  Bunge  looks  upon  the  bodies  described  by  Ernst  as  cell-gran- 
ules, which  have  no  connection  with,  spore  formation,  and  describes  other  bodies,  stain- 
ing with  Löflder's  solution,  as  the  predecessors  of  the  spores. 

§  155.  The  fission-fungi,  owing  to  the  absence  of  chlor ophyl  in  them, 
are  restricted  in  their  nutrition  entirely  to  ready-formed  organic  sub= 
stances  which  are  soluble  in  water  and  which  are  supplied  to  them  in 
an  abundance  of  water.  They  need,  moreover,  various  mineral  sub= 
stances,  especially  sulphur,  phosphorus,  potassium  or  rubidium,  or 
caesium  and  calcium,  or  magnesium  or  barium  or  strontium. 

They  are  capable  of  taking  their  necessary  carbon  from  most  of  the 
carbohydrates  that  are  soluble  in  water.  They  can  derive  their  carbon 
from  dilute  solutions  of  compounds  which  in  greater  concentration  are 
destructive,  as,  for  example,  benzoic  acid,  alcohol,  salicylic  acid,  phenol, 
etc. 

The  fission-fungi  derive  their  nitrogen  from  albuminous  matter ;  they 
also  obtain  it  from  those  compounds  which  are  designated  as  amins 
(methylamin,  ethylamin,  propylamin),  amido-acids  (asparagin,  leucin), 
and  amides  (oxamide,  urea);  and  they  may  obtain  it  from  the  am- 
monia salts,  and  partly  also  from  nitrates.  The  albuminates  are  changed 
into  peptones,  previous  to  their  assimilation,  by  a  ferment  given  off  from 
the  fission-fungi.  Free  nitrogen  cannot  be  assimilated  as  such.  Nitro- 
genous and  non-nitrogenous  compounds  are  not  only  assimilable  as  such, 
but  also  in  combination.  The  fission-fungi  can  derive  their  nitrogen  from 
ammonia  and  nitric  acid  only  in  the  presence  of  organic  carbon  com- 
pounds. 

According  to  Nägeli,  sulphur  is  essential  to  the  fission-fungi,  and 
chey  take  it  from  sulphates,  sulphites,  and  hyposulphites.  They  take 
the  other  mineral  substances  enumerated  above  from  various  salts.  If 
along  with  abundance  of  nutrient  material  there  is  too  little  water  pres- 
ent, all  further  growth  ceases ;  still  many  fission-fungi  are  able  to  dis- 
pense with  water  temporarily.  Spores  suffer  very  little  from  the  effects 
of  drying. 

Some  of  the  fission-fungi  are  restricted,  for  their  nourishment,  main- 
\j  or  exclusively  to  dead  organisms  or  to  solutions  of  organic  matter, 
and  belong,  therefore,  to  the  saprophytes.     Others  are  also  able  to 
25 
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derive  their  nutrition  from  living  animals  or  i)lants,  and  are  therefore  to 
be  reckoned  among  the  parasites. 

If  the  fission-fungi  get  into  water  containing  no  nutritive  material, 
many  of  them  die  in  time.     The  spores  resist  the  longest  in  this  respect. 

Free  oxygen  is  necessary  for  the  growth  of  many  bacteria;  others 
can  dispense  with  it  so  long  as  the}'  are  under  favorable  conditions  in 
other  respects ;  still  others  develop  only  where  oxygen  is  cut  off.  The 
first  of  these  are  called  ohJigatory  aerobes,  the  second  facultative  anae- 
robes, the  third  obligatory  anaerobes. 

Facultative  anaerobes  j^roduce  in  part  fermentation  by  their  multi- 
plication in  the  absence  of  oxygen ;  but,  according  to  the  investigations 
of  Flügge  and  Liborius,  fermentative  phenomena  seem  also  often  to  l^e 
absent.  Pathogenic  bacteria,  according  to  Liborius,  are  facultative  or 
obligatory  anaerobes. 

Carbon  dioxide  has  no  influence  uj)on  the  development  of  many  bac- 
teria, as,  for  example,  upon  the  typhoid-fever  bacilli  and  upon  the 
Friedländer  pneumonia-bacilli.  Upon  others,  on  the  contrary,  it  has  an 
inhibitory  action,  as,  for  exami:)le,  upon  Bacillus  Indiens,  Proteus  vulgaris, 
and  Bacillus  'p^f^osphorescens,  the  bacilli  of  anthrax  and  of  cholera,  the 
pus-cocci,  and  others  (C.  Fränkel).  The  ])acilli  of  anthrax,  of  cholera 
Asiatica,  and  of  rabbit  septicaemia  die  out  in  a  few  hours  in  artificial 
Seltzer  water,  but  the  spores  of  anthrax-bacilli  keep  alive  indefinitely 
( Höchste  tter). 

Intense  light  has  an  injurious  or  destructive  effect  ui^on  the  develop- 
ment of  many  bacteria,  and  consequently  infected  water  can  be  disin- 
fected by  light  (Büchner).  In  Bacillus  anthracis  the  virulence  can  be 
weakened  by  sunlight  (Arnold,  Gaillard).  Anthrax-spores  die  out  when 
exposed  for  a  long  time  to  light  and  air  (Arloing,  Roux).  According  to 
Geisler,  the  green,  violet,  and  ultra-violet  are  the  rays  which  are  i)ar- 
ticularly  injurious  to  them. 

According  to  Nägeli,  Häuser,  Buchner,  Zopf,  and  others,  different 
conditions  of  nutrition  act  in  modifying  the  form  and  dimensions  of  the 
fission  fungi.  For  example,  bacilli  cultivated  in  different  nutrient  solu- 
tions have  different  lengths  as  well  as  different  thicknesses.  In  many 
varieties,  moreover,  it  is  said  that,  in  one  nutrient  solution,  the  change 
is  generally  into  spherical  cells  and  short  rods,  while  in  another,  on  the 
contrary,  it  is  into  long  threads  (Zopf).  Finally,  ih.Q  p)hysiologiccd ^rrop- 
erties  can  also  change  under  different  modifications  of  nutrition. 

The  temperature  of  the  medium  surrounding  the  bacteria  acts 
generally  in  such  a  way  that  when  there  is  a  fall  the  vital  processes  be- 
come weaker  and  slower,  and  finally  cease,  whereas  with  elevation  of 
the  temperature  they  rise  to  a  certain  maximum,  and  at  a  slight  excess 
above  this  suddenly  cease;  still  higher  temperatures  kill  the  fungi. 
The  maximum  of  permissible  temperature  lies  at  a  different  height  for 
different  fungi,  and  is  also  partially  dependent  ui)on  the  character  of 
the  nutrient  substance. 

A  low  temperature  stops  development  in  all.  They  fall  into  a  state 
of  numbness,  but  do  not  die  even  at  very  cold  temperatures.  The  rigid- 
ity due  to  cold  develops  in  the  individual  forms  at  different  tempera- 
tures. The  most  favorable  temperature  for  the  Bacillus  anthracis  lies 
between  30°  and  40°  C. ;  at  temperatures  above  44°  C.  and  below  15°  C. 
there  is  cessation  of  development.  Many  bacilli  form  spores  only  at 
high  temperatures. 

Boiling  loater  and  steam   at  100°  C.   kill  all  bacteria  and  bacterial 
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spores  if  allowed  to  act  for  some  time.  Bacteria  and  tlieir  spores  bear 
higher  temperatures  in  dry  air,  so  that  a  temperature  of  140°  C.  for  three 
hours  is  necessary  to  kill  the  latter.  Many  bacteria  are  killed  at  a  tem- 
perature of  from  60°  to  70°  C,  provided  it  is  kept  up  for  a  very  long  time. 

Anthrax-bacilli  multiply  within  certain  limits  more  and  more  slowly  the  lower  the 
temperature  is.  Between  80°  and  40'  C.  growth  and  spore-formation  usually  cease  at 
the  end  of  twenty-four  hours.  At  25°  C.  the  time  required  rises  to  from  thirty -five  to 
forty  hours.  At  23°  C.  forty-eight  to  fifty  hours  are  required  for  the  spore-formation  ; 
at  20'  C,  seventy-two  hours.  At  18°  C.  spores  appear  at  the  end  of  five  days;  at  16° 
C,  after  seven  days.  Below  15°  C.  all  growth  and  spore  formation  cease  (Koch).  Spore- 
formation  still  takes  place  even  at  42°  C. 

In  hot,  dry  air,  bacilli  free  from  spores  do  not  withstand  a  temperature  a  little  over 
100'  C.  for  an  hour  and  a  half.  In  hot,  dry  air,  spores  of  the  bacilli  are  destroyed  at  a 
temperature  of  140°  C.  at  the  end  of  three  hours. 

Anthrax-spores  die  in  boiling  vjater  in  two  hours,  in  confined  äteam  in  ten  minutes  ; 
but  the  spores  of  the  garden-earth  bacillus  are  not  killed  in  this  time.  The  action  of 
steam  at  105°  C.  for  a  period  of  ten  minutes  kills  all  spores.  Watery  vapor  in  motion 
kills  all  spores  in  from  ten  to  fifteen  minutes,  and  penetrates  very  well  into  the  objects 
to  be  disinfected  (Koch,  Gaffky,  Löffler). 

According  to  Arloing  and-Duclaux,  anthrax-bacilli  die  in  from  twenty-four  to  thirty 
hours  when  exposed  to  the  direct  rays  of  the  sun  ;  spores  in  from  six  to  eight  weeks. 

§  156.  If  fission-fungi  find  themselves  in  a  medium  which  suits  them, 
their  multiplication  can  still  be  brought  to  a  standstill  provided  the  fluid 
contains  substances  w^hich  hinder  their  growth  and  even  kill  them. 

This  effect  is  produced  by  many  substances — sublimate,  Ij'sol,  carbolic 
acid,  iodine,  etc. — even  in  comparatively  great  dilution.  Other  sub- 
stances operate  injuriously  upon  the  bacteria  only  when  they  are  in 
stronger  concentration.  The  point  at  which  the  multiplication  is  hin- 
dered is  always  reached  at  much  greater  dilution  than  that  at  which  the 
bacteria  are  killed.  Spores  are  much  more  resistant  than  the  vegetative 
forms. 

Many  bacteria  are  very  sensitive  to  acids,  so  that  even  a  small  degree 
of  acidity  hinders  the  growth.  This  is  true,  for  example,  of  the  organ- 
ism of  anthrax  and  of  the  Fränkel- Weichselbaum  pneumococcus.  But 
still  some  are  able  to  grow  with  a  moderate  amount  of  acid  in  the  nutri- 
ent fluid.  As  a  general  rule  they  are  specially  sensitive  to  the  mineral 
acids,  but  the  presence  of  a  large  amount  of  citric,  butyric,  acetic,  and 
lactic  acid  also  hinders  the  multiplication.  In  this  connection  belongs 
the  fact  that  the  products  of  decomposition  caused  by  the  fermentative 
action  of  the  fungi  at  a  certain  degree  of  concentration  are  injurious  to 
the  development  of  the  fungi,  and  finally  stop  their  growth  entirely. 
Thus  in  butyric-acid  and  lactic-acid  fermentation  the  quantity  of  butyric 
acid  and  of  lactic  acid  gradually  formed  may  finally  cause  cessation  of 
the  growth  of  the  fungus.  A  similar  result  occurs  in  the  bacterial 
putrefaction  of  albumin,  since  the  products,  such  as  phenol,  indol, 
skatol,  phenyl  acetic  acid,  phenyl  propionic  acid,  etc.,  hinder  the 
further  development  of  the  bacteria.  The  fission-fungi  are  less  sensitive 
to  alkalies,  and  many  of  them  can  bear  a  tolerably  high  degree  of  alka- 
linity in  the  nutrient  fluid;  but,  on  the  other  hand,  there  are  certain 
forms  which  do  not  flourish  in  alkaline  fluids — e.g.,  acetic-acid  fungus. 

Multiplication  also  ceases  in  the  presence  of  a  superabundance  of 
nutrient  material— i.e.,  with  an  insufficent  amount  of  water.  The 
fact  that  fruit  preserved  in  sugar,  and  salted  and  dried  flesh,  do  not  be- 
come foul  depends  upon  this.  Food-stuffs  can  also  be  preserA^ed  by  de- 
priving them  of  water  and  by  the  addition  of^  substances  which  are  dis- 
solved in  the  tissue-fluids,  and  in  this  way  increase  the  proportion  of 
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solid  matter.  The  limit  at  which  development  takes  place  is  reached  at 
a  much  higher  degree  of  humidity  for  the  fission-fungi  and  yeast-fungi 
than  for  mould-fungi. 

According  to  investigations  of  Pfeffer  and  Ali-Cohen,  many  motile 
bacteria  show  chemotactic  properties — i.e.,  they  are  attracted  or  re- 
pelled by  chemical  substances  dissolved  in  water.  The  bacteria  swim- 
ming around  in  the  fluid  consequently  collect  together  at  places  where 
there  are  chemical  substances  which  attract.  Typhoid-fever  bacilli  and 
cholera-spirilla,  for  example,  are  attracted  by  the  juice  of  a  potato  (Ali- 
Cohen).  Potassium  salts,  peptone,  and  dextrin  also  act  by  attraction, 
but  the  individual  bacteria  behave  differently  toward  these  substances 
(Pfeffer).     Free  acids,  alkalies,  and  alcohol  have  a  repulsive  action. 

If  a  nutrient  fluid  contaiDS  other  lower  fungi  besides  the  bacteria 
there  often  takes  place  a  competition  between  the  different  micro= 
organisms,  and  fission-fungi,  budding  fungi,  and  mould-fungi  can 
crowd  one  another  out.  In  a  similar  manner  a  reciprocal  crowding  out 
occurs  among  the  fission=fungi  themselves.  Thus,  for  example,  cocci 
can  be  supplanted  and  destroyed  by  bacilli,  or  one  form  of  bacillus  by 
another.  This  would  hai:)pen  where  either  the  -composition  or  the  tem- 
perature of  the  nutrient  fluid  is  more  favorable  for  one  or  for  the  other, 
or  also  where  one  species  of  bacteria  forms  products  which  act  inju- 
riously upon  the  other,  or  where  one  form  grows  more  rapidly  than  the 
other  and  in  this  way  takes  away  the  necessary  nutrient  material  from 
the  competitor,  . 

According  to  the  investigations  made  by  Pasteur,  Emmerich,  Bou- 
chard, Woodhead,  Blagovestchensky,  and  others,  the  antagonism  be- 
tween many  bacteria  shows  its  influence  even  in  inoculation  experiments 
upon  animals.  By  simultaneous  inoculation  with  different  bacteria  it 
sometimes  happens  that  the  development  of  a  pathogenic  fission-fungus 
in  the  body  of  a  susceptible  animal  is  hindered.  Thus,  for  example, 
the  development  of  the  anthrax-bacillus  can  be  hindered  by  a  simulta- 
neous inoculation  with  erj^sipelas-cocci  (Emmerich)  or  with  the  Bacillus 
pyocyaneus  (Bouchard). 

If,  for  example  (Nägeli),  fission- fungi,  yeast-fungi,  and  mould-fungi  are  introduced 
together  into  a  solution  of  sugar,  the  fission-fungi  alone  increase  and  cause  lactic-acid 
fermentation.  If  to  the  same  solution  five  per  cent  of  tartaric  acid  is  added,  the  budding 
fungi  alone  multiply  and  cause  alcoholic  fermentation.  If  four  or  five  per  cent  of  tartaric 
acid  is  added,  only  the  vegetation  of  mould  is  obtained.  The  addition  of  the  tartaric 
acid  does  not  make  the  life  of  the  other  fungi  impossible,  but  only  favors  the  develop- 
ment of  one  over  the  other.  In  the  same  way  the  budding  fungi  alone  develop  in  grape- 
juice,  although  other  germs  find  their  way  into  it,  and  the  fission-fungi  can  multiply  and 
produce  acetic  acid  only  after  all  the  sugar  is  used  up.  Mould-fungi,  which  destroy  the 
acid,  can  develop  on  the  vinegar.  Subsequently  fission-fungi  again  appear  and  produce 
putrefaction. 

§  157.  The  growth  and  multiplication  of  the  fission=fungi  always 
cause  chemical  transformations  of  the  nutrient  material,  and  these 
are  brought  about  in  part  hy  the  influence  of  the  ferments  secreted  by 
the  bacteria,  in  part  directly  through  the  metaholic  processes  occurring 
within  the  cells  themselves. 

Among  the  ferments  or  enzymes  are  to  be  mentioned  especially  the 
proteolytic  or  albumin-dissolving  enzymes  (Jbacterio-trypsins) ,  which  bring 
about  the  solution  of  the  albuminous  bodies,  and  thereby  cause  the  de- 
struction of  the  peptone  molecule.  The  bacteria  further  give  rise  to 
diastatic  ferments,  which  change  starch  into  sugar,  likewise  to  inverting 
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ferments  which  transform  cane-sugar  (disaccharid)  into  grape-sugar 
(monosaccharid). 

One  of  the  first  chemical  results  of  the  bacterial  metabolism,— or, 

in  other  words,  of  the  vital  activity  of  the  fission-fungi  aided  by  their 
enzymes — is  the  breaking  up  of  comjjlex  organic  compounds.  By  many 
authors  all  these  processes  are  designated  as  fermentations,  while  other 
authors  (Lehmann)  only  speak  of  fermentations,  when  a  fission-fungus 
breaks  down  a  given  food  material  with  particular  ease,  and  thereby 
gives  rise  to  a  special  product,  or,  may  be,  several,  in  marked  quanti- 
ties, along  with  or  in  place  of  its  other  metabolic  products.  Other 
authors,  still,  limit  the  term  fermentation  to  the  destruction  of  the  car- 
bohydrates. 

In  the  decompositions  caused  by  the  fission=fungi  many  widely 
different  products  are  formed,  which  vary  according  to  the  composition 
of  the  nutrient  material  and  the  character  of  the  fission-fungus.  For 
fermentation  to  take  place  proper  fermentable  material  is  necessary. 
Many  fungi  can  cause  fermentation  as  well  in  the  presence  as  in  the  ab- 
sence of  oxygen,  while  to  some  of  them  a  paucity  of  oxygen  is  essential. 

Among  the  products  of  the  bacteria,  which  are  of  especial  importance 
to  the  physician,  are  those  which  act  poisonously  and  cause  tissue 
changes,  and  to  which  belong  particularly  those  substances  which  are 
described  as  'piomams^  toxins,  and  toxalhumins. 

The  ptoma'ins  are  basic,  crystallizable,  nitrogenous  products  of  the 
destruction  of  albumin  by  bacteria ;  they  are  also  known  as  the  alkaloids 
of  patref action  or  cadaveric  alkaloids.  When  they  display  poisonous 
properties,  they  are  classified  among  the  toxins.  The  best  known 
among  them  are  sepsin,  putrescin  (dimethylethylendiamin),  cadaverin 
(pentamethylendiamin),  collidin  (pyridin  derivative),  peptotoxin,  neu- 
ridin,  neurin,  cholin,  gadinin,  and  also  substances  resembling  mus- 
carin. 

The  toxalbumins  are  amorphous  poisons,  which  occur  in. bouillon 
cultures  of  many  of  the  bacteria.  They  are  precipitated  by  the  same 
methods  that  cause  the  precipitation  of  albumin,  and  hence  are  looked 
upon  by  most  investigators  as  albuminous  bodies.  Nevertheless  it  is  to 
be  remarked  that  they  are  possibly,  in  part,  bodies  only  carried  down 
along  with  the  precipitated  albumin;  and  the  proof  (Brieger)  that  the 
specific  poisons  of  tetanus  and  diphtheria,  which  have  been  classified 
among  the  toxalbumins,  have  been  shown  to  be  free  from  albumin 
argues  for  such  a  conception.  It  appears  therefore  more  correct  to 
classify  these  specific  poisons  also  as  toxins.  They  constitute  those 
poisons  which  determine  the  special  form  of  the  intoxication  in  the 
various  infectious  diseases. 

Among  other  decompositions  worthy  of  note  which  are  caused  by 
bacteria  are :  the  formation  of  lactic  acid,  formic  acid,  acetic  acid,  pro- 
pionic acid,  butyric  acid,  also  often  alcohol  and  carbonic  acid  from 
sugar;  the  formation  of  acids  (acetic  acid,  butyric  acid,  propionic  acid, 
valerianic  acid,  succinic  acid,  formic  acid,  carbonic  acid)  from  alcohol 
and  organic  acids ;  the  formation  of  indol,  skatol,  phenol,  cresol,  pyro- 
catechin,  hydrochinon,  hydroparacumaric  acid,  and  paroxyphenylacetic 
acid  (von  Nencki,  Salkowski,  Brieger),  and  finally  hydrogen  sulphide, 
ammonia,  carbonic  acid,  and  water  from  albumin;  the  formation  of 
ammonium  carbonate  from  urea;  the  transformation  of  nitrous  and 
nitric  acids  into  free  nitrogen ;  the  reduction  of  nitrates  to  nitrites  and 
to  ammonia,  etc.     Finally,  there  are  also  in  the  soil  living  bacteria — • 
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the,  nitrobacteria — which  are  able  to  form  nitrous  and  nitric  acids  from 
ammonia  (Winogradsk}^). 

Along  with  the  nitrification  of  nitrogen  there  takes  i)lace  simulta- 
neously a  destruction  of  the  earthy  alkali  carbonates,  as  shown  by  the 
fact  that  the  nitrobacteria  are  able,  in  the  absence  of  organic  carbon 
compounds,  to  derive  the  carbon  necessary  for  th6  building  up  of  their 
cells  from  the  salts  of  carbonic  acid.  There  takes  place,  therefore,  as  a 
result  of  the  vital  activity  of  these  organisms,  a  synthesis  of  organic 
material  out  of  inorganic  substances. 

Under  the  influence  of  the  fission-fungi  there  are  formed  hitter,  sharp, 
disgusting  substances  that  are  but  little  known.  Milk  that  has  become 
bitter  affords  an  example  of  this.  Furthermore,  fungi  occasionaljy  pro- 
duce j:>{^77?e»fe  of  red,  yellow,  green,  blue,  and  violet  color.  Thus,  for 
example,  a  blood-red  coating  of  Bacillus  jn'odigiosus  forms  on  bread 
(bleeding  bread) ;  moreover,  bandages  and  pus  sometimes  turn  blue  in 
consequence  of  the  presence  of  the  Micrococcus  cya})eus.  In  very  many 
cultures  a  fluorescent  coloring  material  is  formed. 

The  ]3lwspliorescent  j^henomena  to  be  seen  not  infrequently  on  putre- 
fying sea-fish  depend  also  upon  bacterial  products  of  decomposition,  as 
proven  by  Pflüger,  and  appear  where  there  is  a  lively  reproduction  of 
the  bacteria. 

The  first  investigations  to  establish  the  changes  characteristic  of  putrefaction  were 
made  by  Th.  Schwann  and  Franz  Schulze,'  in  the  middle  of  the  fifties,  and  upon  the 
results  of  their  experiments  they  expressed  the  opinion  that  fermentation  and  putrefac- 
tion depend  upon  the  presence  of  very  small  organisms.  Almost  at  the  same  time  (1857) 
Cagnard-Latour  observed  the  multiplication  of  yeast-cells  in  alcoholic  fermentation. 
The  observation  made  by  Schwann  was  subsequently  corroborated  by  Helmholtz.  H. 
Schroeder  and  von  Dusch  then  showed  that  by  filtering  through  cotton-wool  the  air  ad- 
mitted to  a  fluid  capable  of  fermentation,  and  also  by  the  action  of  higher  temperatures, 
the  appearance  of  fermentation  may  be  hindered. 

Since  the  investigations  of  Schwann  there  have  been  advanced  many  hypotheses 
upon  the  cause  of  fermentation,  especially  upon  the  alcoholic  fermentation  caused  by 
the  yeast-fungi .  Certain  authorities  have  sought  to  bring  these  processes  into  immediate 
relationship  with  the  life  of  the  cells  that  cause  the  fermentation  ;  others  have  sought  to 
separate  them  from  the  latter.  According  to  Liebig,  the  process  is  due  to  a  molecular 
movement  which  an  unformed  ferment  or  a  body  in  a  state  of  chemical  activity — i.e., 
decomposing — imparts  to  other  bodies  whose  elements  are  not  held  strongly  together. 
According  to  Hoppe-Seyler  and  Traube,'^  the  cells  excrete  certain  substances,  so-called 
unformed  ferments,  which  cause  decomposition  by  contact  action — i.e.,  merely  by  their 
presence,  without  taking  part  chemically  or  entering  themselves  into  a  compound. 

According  to  Pasteur,^  fermentation  is  dependent  directly  upon  the  life  of  the  fer- 
mentative cells.  It  occurs  only  when  free  oxygen  is  lacking  to  the  cells,  so  tha"^,  these 
have  to  take  the  oxygen  fi'om  the  chemical  compounds  in  the  nutrient  fluid.  In  this 
way  the  molecular  balance  of  the  latter  is  destroyed.  According  to  von  Nencki,  also, 
anaerobiosis  is  to  be  regarded  as  the  cause  of  the  different  kinds  of  fermentation. 

According  to  Nägeli's  molecular-phi/sical  theory,^  fermentation  is  a  transfer  of  molec- 
ular motion  from  the  living  protoplasm  to  the  material  undergoing  fermentation. 
This  motion  is  present  in  the  molecules,  groups  of  atoms,  and  atoms  of  all  substances. 
The  compounds  forming  the  living  protoplasm  remain  themselves  unchanged,  but  by  the 
transfer  of  molecular  motion  they  destroy  the  equipoise  in  the  molecules  of  the  ferment- 
ing substance,  and  these  become  disintegTated. 

According  to  E.  and  H.  Büchner  there  can  be  obtained  from  yeast,  by  a  pressure  of 
400-500  atmospheres,  a  cell-juice  which  causes  fermentation  in  sugar  solution  directly. 
Fermentation  is  therefore  not  bound  up  with  the  life  of  the  cells,  but  is  caused  by  a  cell 

^  Poggend.  Annal,  29  Bd.,  ref.  in  SchmidV s  Jahrb. ,  1866. 

2Cf.  Hoppe-Seyler,  Pflilger's  Arch.,  12  Bd.,  1875,  and  "Physiol.  Chemie." 

^Ann.  de  Chim.  et  de  Phys.,  tome  58,  1860,  et  tome  64,  1862;  Comptes  rend,  de 
VAcad.  des  Sciences,  tomes  45,  46.  47,  52.  56,  80  ;  and  Duclaux,  "Ferments  et  Maladies,'* 
Paris,  1882. 

'^Ahhandl.  d.  Bayr.  Akad.,  Math.-physlk.  KL,  iii.,  76,  1879. 
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substance — "zymase" — which  apparently  is  secreted  by  the  cell,  and  on  the  surface  of 
the  latter  splits  the  fermentable  sugar  into  alcohol  and  carbonic  acid. 

H.  Büchner  is  of  the  opinion  that  the  specific  toxins  (for  example  of  tetanus  and 
of  diphtheria)  also  are  ingredients  of  the  plasma  of  the  bacilli  concerned. 

The  power  to  produce  fermentation — i.e,  decomposition — in  the  nutrient  fluid  is 
very  likely  not  only  a  property  of  fission-fungi  and  yeast-fungi,  but  also  of  the  cells  of 
more  highly  organized  beings,  therefore  also  of  man.  According  to  Voit,'  the  decom- 
position of  the  dissolved  albumin  circulating  in  the  organism  is  attributable  to  a  fer- 
mentative activity  of  the  cells.  Pasteur  has  shown  that  fruit  and  leaves  possess  fermen- 
tative properties  under  suitable  conditions. 

Along  with  fermentation  and  putrefaction  which  result  from  fungi,  there  are  other 
decompositions  of  organic  substances  in  the  production  of  which  the  fungi  have  no  part. 
These  consist  mainly  in  a  slow  oxidation  or  burning,  in  which  carbon  dioxide  and 
water  are  formed,  and,  in  the  case  of  nitrogenous  substances,  also  ammonia.  This  form 
of  decomposition  takes  place  under  conditions  in  which  atmospheric  air  and  moisture  are 
in  contact  with  organic  matter.  Moreover,  it  also  takes  place  in  the  living  organism. 
In  dead  organic  matter  this  answers  partially  to  the  process  usually  called  mouldering. 


2.    General  Cojisiderations  concerning  the  PatJiogenic   Fission-fungi  and 
their  Behavior  in  the  Human  Organism. 

§  158.  As  lias  been  already  explained  in  §§  12,  13,  and  14,  there  are 
among  the  fission-fungi  numerous  species  which  are  capable  of  produc- 
ing disease  processes  in  the  human  organism,  and  they  are  therefore 
called  pathogenic  fission=fungi.  The  first  condition  of  such  action  is 
evidently  that  the  bacteria  concerned  must  possess  properties  enabling 
them  to  multiply  in  the  tissues  of  the  living  human  body.     They  must 


Fig.  393.— Section  through  a  vocal  cord  of  a  child  with  streptococcus  colonies  upon  and  in  the  epithelium. 
a.  Epithelium ;  6,  connective  tissue  of  the  mucous  membrane ;  c,  swollen,  degenerated  epithelium,  in  part 
devoid  of  nuclei ;  <:?,  layer  of  cocci ;  e,  reactive  small-cell  infiltration,  partly  inside  the  degenerated  epithehum, 
partly  in  tht  connective  tissue.    Magnified  200  diameters. 

consequently  find  in  the  tissues  the  suitable  nutrient  material,  and  in 
the  body-temperature  the  warmth  necessary  to  their  growth.  The  tis- 
sues, moreover,  must  not  contain  substances  which  are  a  hindrance  to 
their  growth  (cf.  §§  29  and  30). 

If  pathogenic  fission-fungi  succeed  in  growing  in  the  tissues  of  the 
body— i.e.,  if  infection  takes  place  (cf.  §  14)— their  action  is  in  general 
characterized,  at  the  point  of  multiplication,  by  degeneration  (Fig.  392, 

1"  Physiologie  des  Sauerstoff  Wechsels,"  Leipsic,  1881. 
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d),  necrosis,  inflammation  (e),  and  new  groiuth  of  tissue,  wliile  the  toxins 
produced  by  them  cause  manifestaiions  ofj^oisouing. 

But  in  individual  cases  the  disease  process  assumes  different  forms, 
in  that  the  distribution  of  the  bacteria  in  the  organism  and  their  local 
action,  as  well  as  the  production  of  poisons,  differ  greath'  with  the  differ- 
ent forms  of  bacteria. 

With  many  of  them  the  local  action  upon  the  tissues  comes  to  the  front ; 
with  others  the  general  intoxication.  Many  bacteria  confine  themselves  to 
the  region  in  ichich  they  have  found  entrance;  others  advance  uninter- 
ruptedly into  the  surrounding  neighborhood ;  still  others  are  carried  by 
the  lymjjh-  and  blood-currents  and  lead  to  the  formation  of  metastatic 
foci ;  and  finally,  still  others  increase  in  the  blood. 

If  a  spread  of  the  bacteria  takes  place  through  the  blood,  the  bacteria 
may  go  from  the  mother  to  the  foetus  during  pregnancy,  since  the  placenta 
forms  no  certain  filter  against  pathogenic  bacteria.  This  has  been 
proved,  for  example,  for  anthrax-bacilli,  for  the  bacilli  of  symptomatic 
anthrax,  for  the  bacilli  of  glanders,  for  the  spirilla  of  relapsing  fever, 
for  the  bacilli  of  typhoid,  and  for  the  i:)neumococcus.  According  to 
certain  observations  of  Malvoz,  Birch-Hirschfeld,  and  Latis,  changes  in 
the  placenta,  such  as  hemorrhages,  loss  of  epithelium,  alterations  of  the 
vessel-walls,  favor  the  transmigration  of  the  bacteria.  Bacteria — as,  for 
example,  anthrax-bacilli — can  grow  through  the  tissues.  The  passing 
over  of  bacteria  from  the  mother  to  the  foetus  presupposes,  as  a  rule, 
that  after  the  entrance  of  these  organisms  into  the  circulating  blood  of 
the  mother,  the  latter  shall  remain  alive  at  least  long  enough  to  allow  of 
the  transmigration. 

The  bacteria  which  succeed  in  multiplying  in  the  human  body  die 
out  again,  in  many  cases,  in  a  short  time,  and  the  diseases  caused  by 
them  proceed  to  recovery  (cf.  §  28).  Nevertheless  it  also  not  infrequent- 
ly happens  that  they  are 2^veserved  for  a  long  time  in  the  body,  and  either 
continuously  cause  disease  processes,  or,  on  the  other  hand,  remain  in  a 
state  of  inactivity,  so  that  no  disease  processes  of  any  kind  are  recog- 
nizable till,  after  a  shorter  or  longer  period  of  latency,  a  lively  multip)lica- 
tion  tahes  place,  and  along  with  it  new  manifestations  of  disease  show  them- 
selves. 

Not  infrequently  a  secondary  infection  associates  itself  with  an 
infection  alreadj^  existing.  The  relation  between  the  two  infections  is 
either  that  the  second  occurred  accidentally  after  the  first  became  estab- 
lished, or,  on  the  other  hand,  that  the  way  was  prepared  by  the  first 
infection  for  the  subsequent  one  (cf.  §  14). 

Finall,y,  double  infection,  in  which  two  or  even  more  forms  of  bacteria 
come  to  development  in  the  tissues  simultaneoush^  and  exert  their  de- 
structive influence  upon  them,  is  not  an  infrequent  occurrence. 

§  159.  Each  pathogenic  fission-fungus  has  a  specific  action  upon  the 
tissues  of  the  human  body;  but,  nevertheless,  different  species  of  fission- 
fungi  may  exert  similar  action.  Thus,  for  example,  various  bacteria  can 
cause  suppuration.  Consequently  it  is  only  in  a  certain  proportion  of 
cases  that  the  morbid  changes  in  the  tissues  are  so  characteristic  that 
the  species  of  the  pathogenic  fission-fungus  can  be  recognized  with  cer- 
tainty. 

It  has  been  demonstrated,  moreover,  that  the  pathogenic  properties 
of  the  bacteria  are  not  entirely  constant ;  that,  on  the  contrary,  their 
virulence  varies,  so  that  bacteria  that  cause  severe  or  fatal  infection  may 
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become  changed  through  external  circumstances;  that  is  to  say,  may 
become  weakened  so  that  they  either  lose  entirely  the  power  to  produce 
processes  of  disease  in  the  organism,  or  at  least  can  cause  only  mild 
forms  of  disease.  This  peculiarity  is  not  alone  of  theoretical  interest, 
but  is  also  of  high  practical  interest.  It  explains,  on  the  one  hand,  to 
a  certain  extent,  why  a  certain  infection  does  not  always  run  the  same 
course,  and,  moreover,  why  alongside  of  severe  attacks  light  ones  also 
occur.  On  the  other  hand,  it  affords  us  the  possibility  of  obtaining 
material  for  inoculation  from  -attenuated  cultures  of  bacteria,  by  means 
of  which  slight  degrees  of  infection  and  also  slight  degrees  of  intoxica- 
tion can  be  produced,  which  protect  the  organism  from  severe  infection, 
or  cure  an  infection  that  has  already  taken  place  (cf .  §  30) . 

Attenuation  of  the  pathogenic  properties  of  a  fission=fungus  can 
be  effected  by  allowing  higher  temperatures,  oxygen  or  light,  or  chemi- 
cal antiseptic  substances  to  act  in  a  suitable  manner  upon  the  cultures 
as  well  as  by  cultivatiDg  the  fungus  in  the  body  of  animals  possessing 
little  susceptibility.  In  some  forms,  as  in  the  diplococcus  of  pneumonia, 
it  is  only  necessary  to  cultivate  the  bacteria  in  question  upon  artificial 
media  to  bring  about  attenuation;  in  others,  such  as  the  bacillus  of 
chicken-cholera,  prolonged  exposure  of  the  culture  to  the  air  suffices  to 
bring  about  an  attenuation.  If  it  is  desired  to  preserve  the  virulence  of 
the  x^neumococci  for  a  long  time,  it  is  necessary,  from  time  to  time,  to 
inoculate  the  bacteria  cultivated  upon  artificial  media  into  rabbits,  which 
are  very  suscej^tible  animals.  The  glanders-bacilli  and  tubercle-bacilli 
and  cholera-spirilla  lose  virulence  if  cultivated  for  a  long  time  uninter- 
ruptedly upon  artificial  nutrient  media.  The  streptococcus  of  erysipelas 
becomes  so  attenuated  by  continued  cultivation  in  bouillon  or  nutrient 
jelly  that  it  is  no  longer  capable  of  killing  even  mice  (Emmerich). 

It  is  possible  to  make  only  hypotheses  in  regard  to  the  explanation 
of  the  nature  of  the  attenuation  of  virulence  of  the  bacteria  by  the 
methods  above  mentioned.  If  the  bacteria  cultivated  for  a  long  time 
upon  artificial  media  change  in  virulence,  perhaps  this  can  be  partially 
explained  by  assuming  that  in  a  series  of  generations  the  less  virulent 
varieties,  which  certainly  must  often  appear,  graduallj^  win  the  superi- 
ority. In  the  attenuation  of  virulence  by  heat,  chemical  reagents,  etc., 
however,  this  explanation  is  not  permissible.  In  this  case  it  turns  very 
likely  upon  a  general  weakening,  a  degeneration  of  the  protoplasm. 
This  assumption  is  in  accord  with  the  fact  that  such  bacteria  show  a 
diminution  in  energy  of  growth. 

According  to  the  investigations  of  Pasteur  and  of  Koch,  the  virulence  of  anthrax- 
bacilli  may  be  so  attenuated  by  cultivation  at  43°  C.  for  about  six  days,  or  at  42'  C.  for 
about  thirty  days,  that  guinea-pigs  are  no  longer  killed  by  the  inoculation. 

A  considerable  attenuation  of  the  anthrax-bacillus  is  obtained  even  by  ten  minutes' 
heating  at  55'  C.  (Toussaint),  or  by  heating  at  bV  C.  for  fifteen  minutes,  or  at  50°  C.  for 
twenty  minutes  (Chauveau)  ;  moreover,  the  same  result  is  also  obtained  by  the  action  of 
oxygen  at  high  pressure  (Chauveau).  The  bacilli  weakened  by  the  influence  of  high  tem- 
perature for  a  short  time  regain  their  virulence  very  quickly  by  recaltivation  ;  the  bacilli, 
on  the  contrary,  which  have  been  weakened  at  lower  temperatures  remain  atteiuuated 
through  numerous  generations.  Spores  of  the  bacillus  of  blackleg  are  rendered  harmless 
by  a  temperature  of  85°  C.  in  six  hours  (Arloing,  Thomas,  Cornevin)  without  suffering 
any  diminution  in  their  power  of  reproduction.  Moreover,  the  bacilli  can  be  weakened 
without  killing  them  by  weak  solutions  of  sublimate,  thymol,  eucalyptus-oil,  nitrate  of 
silver    etc. 

The  addition  of  carbolic  acid  in  the  proportion  of  1  :  600  to  the  culture-fluid  permits 
of  the  development  of  anthrax-bacilli,  but  destroys  their  virulence  in  twenty-nine  days 
(Chamberland,  Koux).     In  the  same  way  attenuation  is  obtained  by  addition  of  bichro- 
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mate  of  potash  (from  1 :  2000  to  1 :  5000).  Carbolic  acid  added  in  the  proportion  of  1  :  800 
prevents  at  the  same  time  the  formation  of  spores. 

The  poison  of  rabies,  which  kills  rabbits  in  a  short  time  on  inoculation,  may  be 
attenuated  by  drying  at  temperatures  of  from  22°  to  26°  C.  (Pasteur).  According  to  Pro- 
topopoff,  it  is  mainly  the  higher  temperature  which  produces  the  attenuation. 

If  the  bacilli  of  swine-erysipelas  (Pasteur)  are  inoculated  continuously  into  pigeons 
the  virulence  is  so  increased  that  not  only  pigeons  die  more  quickly  from  the  inoculation 
than  at  the  beginning,  but  also  hogs.  But  when,  on  the  contrary,  the  swine-erysipelas 
bacilli  are  inoculated  from  rabbit  to  rabbit,  they  increase  in  virulence  for  rabbits,  it  is 
true,  but  lose  in  toxic  power  for  swine. 


3.   General  Considerations  in  Regard  to  the  Exarahiation  of  Fission-fungi. 

§  160.  If  bacteria  are  suspected  in  any  tissue-fluid  or  in  the  paren- 
chyma it  is  first  sought  to  discover  them  by  microscopic  examination. 
Occasionally  this  succeeds  by  merely  looking  at  a  drop  of  the  fluid  or 
of  a  smear-preparation  of  the  tissue- juice  diluted  with  salt-solution  or 
distilled  water.  In  other  cases  it  is  necessary  to  apply  coloring.  In 
this  case  the  fluid  above  mentioned  is  smeared  on  a  cover-glass  and 
allowed  to  dry.  In  order  to  fix  the  dried  substance  the  cover-glass  is 
then  heated  over  a  flame,  allowed  to  cool,  and  stained.  For  this  pur- 
pose methylene  blue  is  used  by  i)reference,  the  solution  consisting  of  a 
one-per-ceut  solution  of  the  dye  in  a  1 :  10,000  solution  of  caustic  potash. 
Aqueous  solutions  of  fuchsin  and  methyl  violet  are  also  frequently  used. 
For  many  bacteria  special  methods  are  also  in  use.  In  these  methods 
the  preparations  are  strongly  overstained  with  a  solution  of  gentian  vio- 
let, or  aniline-water  fuchsin,  or  aqueous  methyl  violet,  and  the  color 
is  subsequently  removed  with  weak  acids  or  with  iodiue  and  alcohol 
(Gram's  method).  In  this  way  it  is  often  brought  about  that  only  the 
bacteria  remain  stained,  sometimes  even  certain  bacteria  onh\ 

If  it  is  desired  to  show  the  presence  of  bacteria  in  tissues,  the  latter 
are  cut  in  small  pieces,  hardened  in  absolute  alcohol,  then  cut  in  thin- 
nest possible  sections,  and  stained  by  appropriate  methods.  Here  again 
the  staining,  as  above  mentioned,  with  gentian  violet,  methyl  violet,  and 
fuchsin  is  especially  often  employed.  Good  object-glasses  are  necessary 
for  the  microscopic  examination ;  if  possible,  oil-immersion  lenses  and 
illumination  with  substage  condenser  are  to  be  employed. 

If  it  has  been  possible  to  demonstrate  the  presence  of  bacteria  in  the 
tissues  in  any  way,  the  attempt  is  next  made  to  cultivate  them.  For 
this  purpose  the  methods  developed  by  Koch  are  generali}^  employed. 
These,  in  principle,  consist  in  distributing  the  fluid  containing  the  bac- 
teria uniformly  in  a  solution  of  gelatin  or  agar  previously  warmed,  and 
pouring  out  some  of  the  mixture  upon  horizontal  glass  plates.  The 
fluid  containing  the  bacteria  is  obtained  either  by  scraping  the  tissue  or 
by  rubbing  up  pieces  of  tissue  in  sterilized  salt-solution.  The  gelatin 
and  agar  solutions  are  liquid  at  higher  temperatures  and  solid  at  lower. 
When  the  solutions  become  solidified  the  individual  bacteria  or  spores 
become  developed  at  points  separated  from  one  another. 

By  a  proper  application  of  the  method  various  colonies  are  subse- 
quently obtained  in  the  layer  of  gelatin  spread  out  on  the  plate  (Fig.  393). 
The  colonies  often  differ  from  one  another  in  appearance,  even  when 
examined  with  the  naked  eye.  If  the  colonies  are  sufficiently  separated 
from  one  another  a  small  amount  is  to  be  taken  from  the  individual 
colonies  by  means  of  a  fine  platinum  needle,  and  transferred  to  a  boiled 
potato  (Plate  I.,  Figs.  5  and  6),  or  to  a  gelatin  plate  free  from  bacteria, 
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Plate  1 


1.    Stab-cullure  of  2.    Stab-culture  of  3.    Stab-culture  4.    Culture  of  Tubercle 

Staphylococcus  Pyogenes    Bacilli  of  Swine  Erysipelas    of  Cholera  Spirilla  in  Bacilli  upon  coagulated 

'  in  Ars r- Agar.  in  gelatine.  gelatine.  blood  serum  (after  Koch). 


5.    Culture  of  Anthrax  Bacilli 
upon  a  boiled  potato. 


6.    Culture  of  Staphylococcus  Pyogenes  Citreus 
upon   a  boiled  potato. 
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or  upon  the  surface  of  the  solidified  nutrient  fluid  in  a  test-tube  (Plate 
I.,  Fig.  4).  Yery  often  the  infected  needle  is  stuck  into  the  solidified 
transparent  medium  contained  in  a  test-tube  (Plate  I.,  Figs.  1-3). 

If  the  culture  on  the  gelatin  plate  is  pure,  and  the  whole  procedure 
is  carried  out  with  the  necessary  care  and  avoidance  of  contamination, 
pure  cultures  are  obtained  by  the  above  method.  In  stab-cultures 
(Plate  I.,  Figs.  1-3)  as  well  as  in  smear-cultures  on  potatoes  (Figs.  5 
and  6)  and  on  any  other  nutrient  medium  (Fig.  4),  often  special  pecu- 
liarities show  themselves  which  make  it  possible  for  the  practised  ob- 
server to  recognize  the  form  of  bacteria.  Still  it  will  occasionally 
happen  that  a  thorough  microscopic  examination  of  the  colonies  will 
also  have  to  be  made. 

It  goes  without  saying  that  all  the  above  manipulations  must  be 
carried  out  with  care,  and  that  care  must  be  had  for  the  absolute  clean- 
liness of  the  instruments  that  come  into  use— of  the  glass  plates  and 
test-tubes,  —and  that  the  nutrient  media  must  be  free  from  bacteria.    Suit- 
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Fig.  393.— Gelatin  plate  containing  colonies  of  small  bacilli.  These  colonies  are  pellicle-like,  with  some- 
what sinuous  margins.  Also  small,  round  white  colonies  of  cocci  are  present.  Obtained  from  the  exudate  of 
a  purulent  peritonitus.    (Diminished  by  one-third.) 

able  procedures  are  easiest  learned  in  laboratories  specially  arranged 
for  the  purpose.  The  long-continued  heating  of  the  instruments  used 
or  their  subjection  to  high  temperatures  plays  an  important  role.  The 
necessary  guidance  is  furnished  in  the  various  books  on  bacteriological 
methods  of  examination  which  have  appeared  recenth'. 

Infusion  of  meat  containing  peptone  and  gelatin  is  most  usuallj^  em- 
ployed for  making  plates.  This  consists  of  a  watery  infusion  of  cliopi)ed 
meat,  to  which  a  definite  amount  of  peptone  and  salt  is  added.  This  is, 
moreover,  neutralized  with  carbonate  of  soda,  and  enough  gelatin  added 
to  give  a  solid  consistence  at  ordinary  temperatures.  For  stroke-  and 
stab-cultures  sometimes  this  same  gelatin  is  used  (Plate  I.,  Figs.  2  and 
3),  sometimes  a  jelly  made  of  a  mixture  of  watery  extract  of  meat,  pep- 
tone, and  agar-agar  (Plate  I.,  Fig.  1),  sometimes  blood-serum  that  has 
been  brought  to  coagulation  by  warming  (Fig.  4). 

For  stab-cultures  the  jelly  is  allowed  to  solidify  with  the  test-tube  in 
a  perpendicular  position  (Fig.  3),  for  stroke-cultures  in  an  oblique  posi- 
tion (Fig.  4). 


452  CULTURE    OF   BACTERIA. 

Sterilized  bouillon  is  often  used  for  cultures.  The  inoculated  nutri- 
ent media  are  kept  either  at  room-temperature  or  at  higher  temperatures 
of  from  30"  to  40'  C.  in  an  incubatiug-oven.  The  latter,  however,  is  pos- 
sible only  with  agar-agar,  blood-serum,  and  potatoes,  as  the  gelatin  that 
is  used  becomes  fluid  at  the  temperature  of  the  incubating-oven. 

It  goes  without  saying  that  the  process  just  briefly  described  can  be 
modified  according  to  the  exigencies  of  the  case.  Thus,  for  example,  in 
cases  in  which  the  bacteria  grow  only  at  high  temperatures  it  is  neces- 
sary to  use  agar-agar  plates  and  to  do  away  with  gelatin.  Occasionally 
exudates  formed  on  the  mucous  membranes  (diphtheria)  or  small  pieces 
of  tissue  which  have  been  excised  are  introduced  directly  into  the  nu- 
trient solution.  If  it  is  desired  to  examine  the  cultures  directly  under 
the  microscope,  hanging-drop  cultures  are  made.  For  many  bacteria — 
for  example,  for  cholera-spirilla— the  use  of  cultures  in  hanging  cbops  is 
to  be  recommended.  In  this  method  a  drop  of  sterilized  bouillon  hangs 
down  from  the  under  surface  of  a  cover-glass  and  is  inoculated  from  a 
previously  purified  culture  of  a  fission-fungus.  After  this  the  cover-glass 
is  laid  over  the  excavation  in  a  hollow-ground  slide.  If  evaporation  of 
the  drop  is  avoided  by  closing  ofi'  the  external  air  from  the  cavity  in 
the  slide — which  may  be  effected  by  sticking  on  the  cover-glass  with  oil 
or  vaseline — the  multiplication  of  the  bacteria  can  be  directly  observed 
for  a  long  time. 

If  the  bacteria  are  sought  in  water  a  small  amount  of  the  water  is 
distributed  in  gelatin  and  plate-cultures  are  made.  Earth  may  be  rubbed 
Tip  in  sterilized  salt-solution.  Air  is  made  to  pass  in  definite  amount 
through  sterilized  salt-solution,  and  the  salt-solution  infected  in  this 
w^ay  is  then  mixed  with  gelatin,  and  from  this  gelatin  plates  are  made. 

The  culture  of  the  bacteria  on  diflerent  media,  accompanied  by  the 
microscopic  examination  of  the  difl'erent  stages  of  development,  serves 
for  a  more  precise  characterization,  and  at  the  same  time  also  for  the 
determination  of  the  species  of  fission-fungus  in  question.  After  its 
peculiarities  have  been  sufliciently  studied  in  this  way  its  development 
in  the  animal  body  is  tested.  As  experimental  animals  those  most 
usually  employed  are  rabbits,  dogs,  guinea-pigs,  rats,  mice,  and  small 
birds.  Bacteria  to  be  tested  are  introduced  sometimes  under  the  skin, 
sometimes  directly  into  the  blood-current,  sometimes  by  inoculation 
into  the  inner  organs,  sometimes  by  inhalation  into  the  lungs,  some- 
times by  administration  with  the  food  iuto  the  intestinal  tract.  The 
fungus  can  be  regarded  as  pathogenic  for  the  animal  in  question  if  it 
multiplies  in  the  tissues  of  the  latter  and  produces  morbid  conditions. 
If  relatively  large  amounts  are  inoculated  the  experimental  animal  may, 
under  certain  conditions,  die,  even  if  the  bacteria  do  not  increase  at  all 
in  its  body ;  for  the  poisonous  substances  ready -formed  in  the  culture 
and  introduced  by  inoculation  often  suffice  to  kill  the  animal. 

Experience  has  taught  that  only  some  of  the  bacterial  infections 
which  occur  in  man,  if  transmitted  to  animals  by  inoculation,  run  the 
same  course  as  in  man;  that  is  to  say,  only  those  which  also  occur 
otherwise  in  animals.  In  other  cases  the  pathogenic  fission-fungi  which 
occur  in  man  or  certain  animals  are,  it  is  true,  pathogenic  for  the  ex- 
perimental animals,  but  the  morbid  process  shows  a  different  localiza- 
tion and  a  different  course.  In  still  a  third  case  the  experimental  ani- 
mals are  partially  or  completely  immune. 

Inversely,  fission-fungi  that  are  extremely  pathogenic  for  the  experi- 
mental animals  are  often  inuocuous  for  other  animals  and  for  man. 
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II.  The  Different  Forms  of  Fission=fungi  and  the  Infectious  Diseases 

Caused   by  Them. 

1.   The  Cocci,  or  the  Siohcerohacteria,  and  the  Morbid  Processes  Caused  by 

Them. 


(a)  General  Remarks  upon  the  Cocci. 

§  161.  The  cocci  or  coccacei  (Zopf)  are  bacteria  that  always  occur 
exclusively  in  the  form  of  round  or  oval  or  lancet-shaped  cells.  In  their 
multiplication  by  division  ih.Qj  often  form  i^eculiar  aggregations  of  cells 
hanging  together,  and  it  is  customary  to  designate  these  by  special 
names,  according  to  the  character  of  the  different  forms  that  appear. 
Since  certain  forms  of  cocci  are  specially  apt  to  develop  in  definitely 
shaped  aggregations,  many  authors  have  found  in  this  circumstance  a 
reason  for  making  corresponding  varieties.  It  is  nevertheless  to  be 
noted  that  a  given  species  does  not  always  give  rise  to  the  same  forms 
of  growth,  but  may 
show  variations 

called  forth  by  the 
surrounding  nutrient 
conditions. 

Many  of  the  cocci 
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Fig.  394.— Streptococcus  from  a  purulent  peritoneal  exudate  of  puerperal  peritonitis,    a,  Separate  cocci ; 
5,  diplococci ;  c,  streptococci.    Magnifled  500  diameters. 

Fig.  395.— Micrococcus  colonies  in  a  blood-capillary  of  the  liver,  as  the  cause  of  metastatic  abscess-forma- 
tion in  pyaemic  infection.    Necrosis  of  the  liver-cells.    Magnifled  400  diameters. 

Fig.  396.— Cocci  grouped  in  tetrads  (merismopedia),  from  a  softening  infarction  of  the  lung.    ^Magnified 
500  diameters. 

Fig.  397.— Sarcioa  ventriculi.    Magnified  400  diameters. 


multiply  by  division  in  one  plane  only,  viz.,  at  right  angles  to  the  length 
of  the  elongated  spherical  cell. 

If  in  this  case  the  spheres  resulting  by  division  remain  together  for 
some  time  in  the  form  of  double  spheres,  and  if  this  form  appears  with 
especial  frequency,  they  are  called  diplococci  (Fig.  394,  b).  If,  from  a 
further  continued  division  of  the  cells  in  one  plane,  rows  of  cocci  ( toridu- 
chahis)  result,  they  are  called  streptococci  (Fig.  394,  c) ;  and  this  term 
is  used  also  as  the  name  of  a  group.  If  the  division  of  the  cells  takes 
place  irregularly  and  the  cells  remain  to^ijether  thereafter,  then  the  bac- 
teria are  generally  known  as  micrococci  (Zopf)  or  heaped-coccl  (Fig.  395). 
By  Ogston  and  Kosenbach  the  name  staphylococcus  or  grape-cocci  has 
been  brought  into  use  to  indicate  some  of  these  forms.  Larger  collec- 
tions of  cells,  which  are  held  together  by  a  gelatinous  substance  derived 
from  the  cell  membranes,  have  been  designated  as  zoöghva  masses.  If 
the  masses  of  cocci  are  united  into  larger  collections  by  a  gelatinous 
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envelope,  then  they  are  spoken  of  also  as  ascococci  or  tubular  collections 
of  cocci  (Schlauchkokken). 

Zopf  introduced  the  name  merismopedia,  or  tahkt-coccl,  for  cocci 
which  remain  for  a  long  time  united  in  a  four-celled  tablet  (Fig.  396). 
Others  regard  such  bacteria  as  micrococci.  The  cocci  that  go  by  the 
name  sarcinse  are  characterized  by  dividing  in  three  directions  of  space, 
so  that  compound  cubical  packets  (Fig.  397)  of  round  cells  are  formed 
from  tetrads. 

The  cocci  not  infrequently  show  a  tremulous  molecular  motion  in 
fluids.  Independent  motion  has  not  been  observed  with  certainty. 
Spore-formation  has  not  been  observed  in  most  of  them.  According  to 
Cienkowski,  van  Tieghem,  and  Zopf,  the  Coccus  mesenterioides  (leucono- 
stoc),  that  makes  a  frog-spawn-like  coating  on  sugar  or  parsnips,  forms 
arthrogenic  spores.  When  this  is  about  to  occur  some  i^articular  cell  in 
a  torula-chain  becomes  somewhat  larger  and  glistening.  According  to 
Prazmowsky,  Micrococcns  ureal  also  forms  spores. 

The  saprophytic  cocci  grow  upon  very  different  nutrient  substrata, 
and  cause  by  their  growth  in  suitable  media  various  processes  of  de- 
composition. Many  of  them  also  produce  pigment.  Micrococcus  iirece 
(Pasteur,  van  Tieghem,  Leube)  causes  fermentative  processes  in  urine, 
and  in  consequence  of  these  carbonate  of  ammouia  is  formed  out  of 
urea.  Micrococcus  viscosus  is  the  cause  of  the  slimy  fermentation  of 
wine.  The  cause  of  the  gloio  seen  in  foul  uieat  was  found  by  Pflüger  to 
be  due  to  a  micrococcus  that  forms  slimy  coatings  on  the  surface  of  the 
meat. 

Among  the  pigment-producers  the  best  known  are  the  Micrococcus 
luteus,  the  Micrococcus  aurantiacus,  the  Sarciua  lutea,  the  Micrococcus 
cyaneus,  and  the  Miovcoccus  violaceus,  which  produce  yellow,  blue,  and 
violet  pigment  respectively  when  grown  on  boiled  eggs  or  potatoes. 

Saprophytic  cocci  are  found  as  well  in  the  cavity  of  the  mouth  and 
in  the  intestines  as  on  the  surface  of  the  skin,  and  occur  occasionally 
also  in  the  lungs.  Micrococcus  lunnatodes  (Babes)  is  said  to  be  the 
cause  of  red  sweat,  and  produces  red-colored  zoogloea  masses. 

Sarcina  ventriculi  (Fig.  397)  occurs  not  infrequently  in  the  stomach 
of  man  and  animals,  especially  when  abnormal  fermentations  are  going 
on.  According  to  Falkenheim,  the  stomach  sarcina  can  be  cultivated 
upon  gelatin,  forming  round  yellow  colonies  which  show  colorless 
spherical  monococci,  diplococci,  and  tetrads,  but  never  contain  cubical 
packets.  They  form  these,  however,  in  neutralized  hay-infusion,  and 
their  growth  causes  the  souring  of  the  infusion.  The  membrane  of  the 
sarcina  is  said  to  consist  of  cellulose. 

Micrococcus  tetragenus  {merismopedia)  is  often  found  in  human 
sputum  and  consequently  also  in  the  mouth  and  throat ;  it  is  also  found 
in  the  walls  of  tuberculous  cavities  or  in  hemorrhagic  softening  foci  in 
the  lungs,  and  forms  tetrads  (Fig.  396)  in  multiplying,  the  cells  of  which 
are  held  together  by  a  slimy  membrane.  On  gelatin  it  forms  round  or 
oval  lemon-yellow  colonies.  It  is  pathogenic  for  white  mice,  developing 
in  their  blood.     Gray  house-mice  are  almost  immune. 

The  pathogenic  cocci  cause  acute  inflammatory  diseases,  which  for 
the  most  part  go  on  to  recovery  after  the  destruction  of  the  bacteria; 
but  it  not  infrequentl.y  happens  that  the  cocci  maintain  themselves  for 
a  long  time  in  the  body  and  give  rise  to  chronic  troubles. 
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(b)  Pathogenic  Cocci. 

§  162.  The  streptococcus  pyogenes  (Eosenbach)  is  a  coccus  which, 
in  multiplying,  forms  double  spheres  and  chains  of  spheres  of  dijfferent 
lengths,  containing  from  four  to  twelve  or  more  cells.  This  chain  for- 
mation comes  to  an  especially  full  development  when  the  streptococcus 
is  growing  in  fluids— in  nutrient  bouillon  or  fluid  exudates,— yet  it  is 
also  generally  to  be  observed  when  these  organisms  are  developing 
within  the  tissues. 

The  cocci  stain  very  well  by  Gram's  method,  are  facultative  anae- 
robes, grow  best  at  37°  C,  and  form  small  whitish  colonies  on  gelatin 
and  agar. 

The  streptococcus  pyogenes  is  especially  pathogenic  for  mice  and 
rabbits  (much  less  so  for  dogs  and  rats),  but  its  virulence  varies  very 
much,  and  disappears  rapidly  from  cultures  on  the  ordinary  nutrient 
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Fig.  398.— streptococcus  tracheitis  in  scarlet  fever.  (Alcohol ;  carmine;  methyl  violet;  iodine.)  rt.  Con- 
nective tissue ;  &,  detached  epithelium ;  c,  membrane  composed  of  cells  and  streptococci ;  c7,  fibrin  threads. 
Magnified  300  diameters. 

media.  Virulence  is  retained  for  a  relatively  long  time  by  cultures  of 
the  cocci  in  human  serum  or  horse  serum  (serum  two  parts,  and  bouil- 
lon one  part),  or  in  a  mixture  of  bouillon  and  ascitic  fluid  (Marmorek). 

The  streptococcus  i^yogenes  causes  in  man  inflammations  which  for  the 
most  part,  but  not  alwaj^s,  assume  a  purulent  character.  Occasionalh' 
it  is  found  also  on  the  sound  mucous  membranes,  for  examj^le,  in  the 
upper  air-passages,  or  in  the  vagina  and  cervix  uteri ;  and  from  this  fact 
it  is  supposed  that  either  its  virulence  is  \qyy  slight,  or  that  the  mu- 
cous membranes  offer  a  successful  resistance  to  its  entrance  into  their 
tissues. 

An  infection  w^ith  streptococci  occurs  either  in  sound  individuals, 
or  in  those  who  have  received  some  injury,  or  finallj^  as'  an  accompani- 
ment and  consequence  of  other  infections,  such  especially  as  scarlet 
fever,  diphtheria,  and  pulmonary  tuberculosis. 

If  it  multiplies  on  the  surface  of  the  mucous  membranes — for  ex- 
ample, of  the  air-passages  (Fig.  398)— it  causes  infla)nniatio}is  which 
may  assume  the  character  of  a  desquamative  ov  2^i(^'t'(e))t  catarrh  (c),  or 
that  of  a  process  accompanied  by  croupous  exudations  (d).  If  it  pene- 
trates into  the  connective  tissue  of  the  submucosa,  it  causes  most  fre- 
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quently  inflammations,  which  assume  the  character  of  a  phlegmon,  i.e., 
a  more  or  leas  quickly  spreading,  sero-purulent,  or  purulent,  or  tibrino- 


FiG.  S99.— streptococcus  pyogenes  from  a  phlegmonous  Inflammatory  focus  of  the  stomach,  a.  Leuco- 
cytes; 6,  leucocytes  with  streptococci  inside;  c,  free  streptococci.  (Alcohol;  Gram's  method.)  Magnified 
500  diameters. 

purulent,  or  sero-fibrinous  inflammation,  which  ma}"  at  certain  points 
lead  to  suppuration  and  to  abscess-formation.  In  the  exudate  the  cocci 
in  part  lie  free  (Fig.  399,  c),  in  part  they  are  inclosed  within  the  cells  (b). 

When  the  strex)tococcus  spreads  in  the  coruun,  into  which  it  jjene- 
trates  when  there  is  a  small  wound  of  the  skin,  it  utilizes  the  lymph- 
spaces  and  lymph-vessels  (Fig.  400,  a,  and  401  A,  i)  as  pathways  and 
breeding-places,  and  causes  a  more  or  less  severe  inflammation,  which 
may  be  recognized  macroscopically  h\  an  advancing  reddening  and 
swelling  of  the  skin,  which  is  known  as  erysipelas.  These  external 
symptoms  correspond  to  more  or  less  severe  serous  and  cellular  infiltra- 
tions (Fig.  400,  d,  e,  f,  and  Fig.  401,  m),  and  often,  also,  to  a  cellulo- 
fibrinous  exudation  (m,).  In  cases  of  severe  infection  with  more  highly 
virulent  streptococci,  the  process  can  go  on  to  liquefaction  of  the  epithe- 
lium (Fig.  401,  e,  f,  g,  gX  and  to  the  formation  of  vesicles  (Fig.  401,  c ; 
erysipelas  bullosum),  or  even  to  necrosis  and  gangrene  of  the  corium 
(Fig.  401,  I  ?i ;  erysipelas  gangraenosum)  and  to  suppurations  of  the 
tissue. 

The  spread  and  multiplication  of  the  cocci  in  the  subcutaneous  tissue 
give  rise  to  a  spreading  sero-purulent  and  fibrino-purulent  inflamma- 
tion, often  with  subsequent  suppuration  of  the  tissue.  These  forms  of 
infection  are  designated  as  phlegmons. 

In  the  muscles  the  streptococci  select  principally  the  connective  tis- 
sue of  the  perimysium  internum  (Fig.  402,  a)  as  the  place  in  which  they 


Fig.  400.— Colonies  of  streptococcus  erysipelatis :  a,  in  a  lymph-vessel ;  b,  in  part  composed  of  thickly 
packed  spheres,  in  part  of  torula-chalns ;  c,  neighborhood  of  the  Ivmph-vessel,  with  pale  unstainable  nuclei ; 
d,  vein ;  e,  perivenous  cellular  infiltration  of  tissue;  /,  accumulation  of  cells  in  the  lymph-vesseJ.  Section  of 
rabbifs  ear  two  days  after  inoculation  with  erysipelas-cocci.  (Alcohol;  gentian  violet.)  Magnified  250 
diameters. 


multiply  and  spread,  but  they  also  penetrate  into  the  sarcolemma  tubes 
(d).  Here  also  the  consequences  of  infection  are  more  or  less  severe  in- 
flammations, often  going  on  to  suppuration. 
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Infection  of  the  serous  niemhranes  is  followed  by  a  sero-purulent  or 


Fig.  401.— Section  of  the  skin  from  a  case  of  erysipelas  buUosum.  a.  Epidermis :  7),  corium :  c,  bladder- 
liKe  cavity ;  d,  cover  of  this  cavity ;  e,  epithelial  cell  with  vacuole ;  /,  swollen  cell  with  swollen  nucleus ; 
gf,  gi,  cavity  caused  by  the  melting  down  of  epithelial  cells,  and  containing  fragments  of  the  same  and  pus- 
corpuscles;  ?i,  lymph-vessel  partially  filled  with  streptococci ;  t,  lymph-vessels  completely  filled  with  strepto- 
cocci;  fc,  colony  of  streptococci  located  in  the  midst  of  the  tissues;  ?,  ?,,  necrotic  tissue;  m,  cellular,  mi, 
flbrinocellular  infiltration  of  the  tissues ;  w,  flbrinocellular  exudation  in  the  bladder-like  cavity.  (Alcohol ; 
alum  carmine.)    Magnified  60  diameters. 

fibrino-purulent  exudation,  during  which  the  streptococci  usually  multi- 
ply abundantly  in  the  free  exudate. 

Infection  of  the  lungs  causes  the  formation  of  purulent  or  croupous 
exudations  in  the  lung  alveoli. 

The  streptococcus  infection  may  sooner  or  later  cease,  because  the 


Fig.  402.— Pectoral  muscle  beset  with  large  numbers  of  the  streptococcus  pyogenes,  from  a  case  of 
phlegmonous  inflammation  of  the  subcutaneous  and  intermuscular  connective  tissue,  due  to  cadaveric  poison- 
ing. (The  phlegmon  of  the  wall  of  the  chest  developed  two  days  after  the  finger  was  injured,  and  the  inter- 
mediate lymph-vessels  of  the  arm  showed  no  evidences  of  being  involved.)  a,  Perimysium  internum  full  of 
streptococci ;  b,  transversely  cut  muscular  fibres,  still  intact ;  c,  transversely  cut  muscular  fibres  which  are 
beginning  to  degenerate ;  d,  muscular  fibres  into  which  the  cocci  have  penetrated.  (Alcohol ;  gentian  violet ; 
vesuvin.)       Magnified  350  diameters. 
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opposing  forces  of  tlie  organism  limit  the  further  spreading  of  the  bac- 
teria and  destroy  them.  Often,  liowever,  the  infection  continues  to 
spread  until  death  occurs. 

If  the  streptococci  break  into  the  lymph-  and  blood-vessels,  metas- 
ta8c\s  are  often  formed,  and  distant  organs  also  become  involved.  In 
infection  of  the  blood,  an  increase  of  the  bacteria  does  not  take  place  in 
the  circulating  blood,  but  occurs  at  points  where  they  are  brought  to 
rest — as,  for  example,  in  the  small  vessels  of  the  lung,  of  the  heart,  of 
the  liver,  of  the  kidneys,  of  the  spleen,  of  the  brain  membranes,  of  the 
bone-marrow,  of  the  joints,  etc.,  or  even  on  the  valves  of  the  heart.  At 
the  spot  where  the  multiplication  of  the  cocci  takes  place,  an  inliamma- 


Fra.  403.— Metastatic  hcematogeuous  streptoccxxnis-pueumonia  followine  angina.  (Alcohol :  alum  car- 
mine;  methyl  violet;  iodine.)  (7.  Pneumonia  ai-ea  \rith  streptococci  (blue);  ^.  inflamed  lung-tissue  sur- 
rounding the  area.    Magnified  80  diametei's. 


tion  again  develops,  and  it  assumes  the  same  characters  in  general  as 
those  manifested  by  the  primary  inflammation.  The  new  inflammation, 
however,  often  appears  less  severe  in  character  and  may  be  more  cir- 
cumscribed. 

A  JhV)natoge)wiis  streptococcus-i)ifectlo}i  of  the  lung  leads  to  the  forma- 
tion of  areas  of  inflammation  (Fig.  403,  o)  which  for  the  most  part  sup- 
purate in  the  centre.  In  the  I'idneys,  in  the  vessels  of  which  a  very 
extraordinary  increase  of  the  streptococci  takes  place,  tissue-necrosis 
and  suppuration  likewise  occur;  and  similar  phenomena  may  also  be 
recognized  in  other  organs. 

The  danger  of  a  streptococcus  iufectuvi  depends  partly  upon  the  severe 
progressive  locat  disease  of  the  tissue,  partly  upon  the  i/do.vicatiou,  hi/ 
means  of  toxins  (toxalbnmins\  which  accompanies  the  local  disease, 
and  finds  expression  in  the  fever  and  seveue  systemic  symptoms.  If  the 
symptoms  of  intoxication  come  strongly  to  the  fore  in  the  disease  pic- 
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ture,  then  the  infection  is  known  as  septic  infoxication,  as  toxcemia,  or  as 
septicaemia.  Preponderance  of  the  metastatic  suppuration  leads  to  the 
form  of  disease  designated  as  pyaemia  or  as  hactericemia.  If  the  symp- 
toms of  both  these  forms  of  infection  appear  together,  then  one  speaks 
of  the  condition  as  a  septico=py£emia  or  a  pyo=septaemia. 

The  course  of  a  streptococcus  infection,  as  well  as  the  mode  of  en- 
trance of  the  cocci  into  the  body,  can  generally  be  recognized,  because 
the  infection  usually  starts  from  the  injured  outer  skin  or  from  deeply 
penetrating  wounds,  from  the  mucous  membranes  of  the  upper  digestive 
and  air  passages,  or — in  the  case  of  a  woman  who  has  recently  given 
birth  to  a  child — from  the  genital  apparatus  which  has  undergone  some 
change  during  the  act  of  parturition.  Cases  of  cryptogenetic  infection, 
however,  are  not  so  very  rare.  In  these  the  first  symptoms  which  are  no- 
ticed at  the  bedside  are  those  dependent  upon  disease  of  some  internal  or- 
gan, and  it  appears  as  if  the  infection  had  started  primarily  in  this  organ. 

The  individual  areas  of  disease  in  streptococcus-infection  can  show 
very  different  degrees  of  severity  of  inflammation,  and  this  depends  in 
part  upon  the  virulence  of  the  bacteria,  in  part  upon  individual  differ- 
ences among  those  who  are  infected,  in  part  upon  the  site  of  the  infec- 
tion, and  in  part  upon  the  influence  of  preceding  or  accompanying 
pathological  conditions.  '  As  regards  this  last  factor  it  may  be  said  that 
many  infectious  diseases  (diphtheria,  scarlet  fever,  tuberculosis,  typhoid 
fever,  influenza)  increase  the  disposition  to  streptococcus-infection,  and 
at  the  same  time  lower  the  patient's  powers  of  resistance. 

The  biological  characters  of  the  streptococcus  pyogenes  are  very  variable,  and  this 
is  shown  as  well  in  its  behavior  as  a  disease-producer  as  by  the  cultivations  of  strepto- 
cocci taken  from  different  cases.  As  a  consequence  of  this,  an  endeavor  has  been  made 
to  form  different  species,  and  especially  has  the  streptococcus  which  causes  erysipelas 
been  differentiated  as  a  special  form — the  streptococcus  erysipelatis.  Further,  accord- 
ing to  the  place  in  which  it  was  found,  it  was  customary  to  speak  of  a  streptococcus 
puerperalis  (Arloing),  a  streptococcus  articulorum  (Flügge),  or  a  streptococcus  scarlati- 
nosus  (Klein)  ;  or,  according  to  the  manner  of  its  growth  (von  Lingelsheim),  to  distin- 
guish a  streptococcus  longus  and  a  streptococcus  brevis,  etc.  These  characters  by  them- 
selves are  certainly  not  sufficient  to  permit  of  all  these  forms  being  separated  from  one 
another  as  distinct  species,  and  it  seems  therefore  more  correct,  or  at  least  more  ex- 
pedient, to  consider  the  chain-forming  pus-coccus  as  a  single  species,  which,  however, 
appears  in  many  varieties. 

In  diphtheria  and  scarlet  fever  streptococcus  infections  of  the  throat  and  air-pass- 
ages are  exceedingly  frequent,  especially  in  the  first,  and  as  a  consequence  many  authors 
(Baumgarten,  Dahmer)  are  inclined  to  assign  to  the  streptococcus  a  coordinate  place 
with  the  diphtheria  bacillus  in  the  causation  of  diphtheria — the  diphtheria  bacilli  pre- 
dominating in  the  lighter  cases,  the  streptococci  in  the  severer.  Pure  streptococcus  in- 
fections can  also  give  riso  to  the  picture  of  diphtheria.  If  both  species  of  bacteria  are 
present,  their  effects  are  combined  ;  perhaps  also  the  presence  of  the  streptococci  exalts 
the  virulence  of  the  diphtheria  bacilli. 

§  163.  The  diplococcus  pneumonias  (Fränkel,  Weichselbaum),  or 
the  streptococcus  lanceolatus  (Gamaleia),  or  the  diplococcus  lanceo^ 

latus  (Foa,  Bordoni-Uffreduzzi) — also  known  as  the  pneumococcus — 
is  a  pathogenic  strei)tococcus  of  frequent  occurrence.  It  forms  spheri- 
cal, oval,  and  lance-shaped  cocci  (Fig.  404,  a)  that  are  generally,  in  the 
human  bod}^,  surrounded  by  a  transparent  capsule  and  are  grouped  to- 
gether in  pairs  (h,  d),  less  frequently  in  chains  of  such  pairs  (c),  or  in 
large  colonies  (d). 

The  streptococcus  pneumoniae  stains  very  readily  with  fuchsin  and 
with  gentian-violet,  and  with  these  staining  solutions  the  capsule  also 
bscomes  visible.     The  cocci  are  also  stained  by  Gram's  method. 
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These  cocci  are  facultative  anaerobes.  They  will  not  grow  on  gelatin 
at  ordinary  room-temperature,  but  on  slightly  alkaline  blood-serum 
gelatin  and  agar-agar  kej)t  at  a  temperature  above  22°  C,  best  at  the 
temperature  of  the  human  body.  They  form  delicate,  translucent, 
glistening  cultures  which  suggest  the  deposit  of  dew  on  a  cover-glass 
(Fränkel)  and  consist  of  diplococci  and  chain-cocci  without  cai)sules. 
The  growth  is,  however,  scanty,  and  easily  dies  out.  Cultures  do  not 
succeed  on  potatoes. 

The  diplococcus  pneumoniae  is  the  cause,  in  a  large  number  of  cases 
(according  to  Weichselbaum,  in  seventy-one  per  cent),  of  the  lung  af- 
fection called  croupous  pneumonia,  in  which  the  lung  is  the  seat  of  an 
acute  inflammation  which  is  ushered  in  by  a  congestive  hyperaemia.  In 
the  course  of  the  disease  the  alveoli  over  large  areas  become  filled  with 
a  coagulated  exudate  which  consists  of  desquamated  epithelium,  leuco- 
cytes, red  blood-corpuscles,  fluid,  and  fibrin,  and  which  under  favorable 
conditions  becomes  liquefied  and  absorbed.  Numbers  of  observations 
have  shown  that  it  can  cause  inflammatory  processes  bearing  the  charac- 
teristics of  catarrhal  bronchopneumonia — processes,  therefore,  which 
are  distinguished  by  the  appearance  of  an  exu- 
date partly  serous,  partly  cellular.  The  cocci  are 
found  during  the  disease  principally  in  the  in- 
flamed area  of  the  lung,  Imt  they  may  also  be 
met  with  in  neighboring  areas — in  the  pleura, 
and,  under  certain  circumstances,  in  the  pericar- 
dium, in  the  i^eritoneum,  in  the  meninges,  in  the 
cavities  adjacent  to  the  nose,  in  the  cellular  tis- 
FiG.  404. -Dipiooooc WS  sue  of  the  ueck,  in  the  mediastinum,  in  the  sub- 
?ndTÄ.''a!'Scf  Ä  mucous  tissue  of  the  soft  palate  and  throat,  even 
SdoX"co'cdin"ay^^^^^^  ^^  ^^^^  Conjunctiva  (Weichselbaum);  and  in  all 
nous  envelope ;  c,  chain-cocci  of  these  localities  they  cause  inflammatory  chan- 
Äef of S'^MÄheli  ges.  Occasionally  they  may  be  found  in  the 
500  diameters.  juice  of  the  spleeu  and  in  the  blood,  and  are  said 

to  pass  into  the  foetus  in  pregnant  women  (Viti). 
The}^  are  therefore,  under  certain  circumstances,  icidely  distributed 
throughout  the  body.  The}^  may  cause  a  serofibrinous  inflammation  in 
the  meninges,  the  pleurae,  the  pericardium,  and  the  peritoneum,  and 
under  certain  conditions  they  may  also  cause  seropurulent  and  fibri- 
nopurulent  inflammatiou,  without  the  appearance  simultaneously  of 
a  pneumonia.  They  can,  furthermore,  cause  inflammation  of  the  en- 
docardium, of  the  kidneys,  of  the  joints,  of  the  Fallopian  tubes,  of  the 
uterine  mucous  membrane,  of  the  parotid,  of  the  thyroid,  of  the  bone 
marrow,  and  of  the  periosteum ;  and  this  inflammation  may  cause  sup- 
puration. In  many  cases  the  mouth  and  the  nose  and  throat — where 
they  are  occasionally  also  found  in  healthy  individuals  (Weichselbaum, 
Fränkel) — seem  to  form  the  portal  of  entrance.  Accordingly,  in  cere- 
bral and  cerebrospinal  meningitis  (Weichselbaum)  the  maxillary  cavity, 
the  tympanic  cavity,  and  the  cribriform  labyrinth  often  contain  exudate 
with  diplococci.  The  diplococci  are  found  in  the  exudate  in  all  the 
forms  which  we  have  enumerated.  The  gelatinous  capsule  may  show  a 
very  variable  thickness. 

Inoculated  upon  rabbits,  guinea-pigs,  and  mice,  they  multiply  in  the 
form  of  capsule-cocci,  especially  in  the  blood  and  in  the  serous  cavities, 
and  may  also  cause  pneumonia  with  bloody  serous  exudate  (Weichsel- 
baum).    Kabbits  are  specially  sensitive,  as  they  die  in  from  thirty-six 


THE  STAPHYLOCOCCUS  PYOGENES  AUREUS.         461 

to  forty -eight  hours  after  subcutaneous  inoculation,  with  symptoms  of 
septicaemia.  If  pure  cultures  are  injected  into  the  pleural  cavity  of  rab- 
bits a  pleurisy  results,  as  well  as  a  splenization  of  the  lung  in  which  the 
parenchyma  is  filled  with  a  bloody  serous  exudate.  The  sputum  of  a 
pneumonia  patient  is  pathogenic  for  rabbits,  since  it  contains  the  cocci. 
According  to  A.  Fränkel,  the  cocci  lose  their  poisonous  properties 
very  easily,  especially  if  they  are  cultivated  in  milk ;  and  if  it  is  desired 
to  retain  the  virulence  they  must  be  inoculated  from  time  to  time  into 
susceptible  animals.  Cultivation  of  the  cocci  at  42°  C.  for  one  or  two 
days  destroys  their  virulence. 

The  dipljcoccus  pneumonice  belongs  to  those  bacteria  whose  physiological  character- 
istics are  very  variable.  Foä  distinguishes,  according  to  the  principal  places  in  which 
they  are  encountered,  a pneumococcus  and  a  meningococcus.  In  cerebrospinal  meningitis 
cocci  have  been  found  which  in  part  resemble  the  streptococcus  pyogenes  (streptococcus 
meningitidis,  Bonome),  in  part  the  diplococcus  pneumoniae  (diplococcus  intracellularis 
meningitidis,  Weichselbaum).  Whether  these  forms  represent  distinct  species  or  are 
only  varieties  of  the  species  mentioned  has  not  as  yet  been  definitely  determined. 
Jäger  is  of  the  opinion  that  the  diplococcus  intracellularis  meningitidis  is  the  cause 
of  epidemic  cerebrospinal  meningitis,  and  is  entirely  distinct  from  the  pneumococcus. 
Sporadic  meningitis  may,  on  the  other  hand,  be  caused  also  by  the  pneumococcus. 

According  to  Emmerich,  in  bouillon  cultures  there  is  formed,  at  the  bottom  of  the 
vessel,  a  sediment  containing  some  resistant  forms  which  remain  capable  of  development 
for  months.  Rabbits  may  be  rendered  completely  immune  (Emmerich)  by  repeated  in- 
jections of  much-diluted  cultures  (five  thousand  times  diluted)  of  increasing  virulence, 
so  that  30  c.c.  of  cultures  of  full  virulence  are  borne  without  any  striking  disturbance. 
The  injected  bacteria  are  killed  in  the  course  of  a  few  days.  The  serum  of  immunized 
rabbits  can  cure  pneumococcus  infection  in  rabbits  and  mice. 

§  164.  The  staphylococcus  pyogenes  aureus  (Kosenbach)  or  micro= 
coccus  pyogenes  (Lehmann)  is  composed  of  spherical  cells,  which  occur 
singly  or  in  pairs,  and  by  their  multiplication  generally  form  grape-like 
clusters  and  swarms.  The  cocci  stain  easily  with  the  different  aniline 
dyes,  and  also  by  Gram's  method.  They  are  facultative  anaerobes,  but 
grow  better  in  the  presence  of  air. 

The  staphylococcus  thrives  well  on  all  the  artificial  media  at  the 
room-temperature,  but  grows  better  at  37°  C.  It  forms  whitish  colo- 
nies, which  produce  pigment  in  the  parts  exposed  to  the  air,  and  become 
colored  orange-yellow  (Fig.  1  of  Plate  I.).  The  color  is  most  marked 
on  agar  and  potato.  Gelatin  is  slowly  liquefied.  When  grape-sugar  is 
present  lactic-acid,  acetic  acid,  and  valerianic  acid  are  formed.  Active- 
ly poisonous  products  are  formed  in  bouillon  cultures.  The  staphy- 
lococcus pyogenes  is  one  of  the  most  frequently  occurring  of  the  patho- 
genic bacteria,  and  is,  with  the  streptococcus  pyogenes,  the  most  common 
cause  of  suppuration,  so  that  these  two  species  have  been  frequently 
designated,  in  the  narrower  sense  of  the  term,  as  pus=cocci.  It  is  wide- 
ly distributed  throughout  the  external  world,  and  has  been  demonstrated 
in  milk,  in  washing-water  and  waste  water,  as  well  as  in  the  air  of  oper- 
ating-rooms and  sick-rooms.  Increasing  in  the  tissues  of  the  human 
organism  (Fig.  405,  c,  c^,  and  Fig.  406,  d,  e)  it  causes  tissue-degenera- 
tions and  tissue-necroses,  on  which  supervenes  an  inflammation  (Fig.  405, 
d,  e,  and  Fig.  406,  e,  f,  g)  which  generally  assumes  Sij^undent  character. 
Not  infrequently,  however,  the  inflammation  is  less  severe,  i.e.,  does 
not  go  on  to  suppuration  of  the  tissues. 

The  suppurations  caused  by  the  action  of  the  staphylococcus  are 
generally  circumscribed,  and  also  have  less  tendency  to  spread  rapidly 
to  the  neighboring  tissues  than  have  the  suppurations  which  are  caused 
by  streptococci.     In  the  skin  they  cause  more  particularly  those  inflam- 
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mations  which  are  termed  acne,  eczema,  furuncle,  and  cutaneous  and  sub- 
cutaneous abscesses.  In  the  bones  they  are  the  most  frequent  cause  of 
the  sujjjjurative  diseases  of  the  bone-marrow  and  jjeriosteum,  which  are 
designated  as  sep^ic  osteomyelitis  and  periostitis.  They  often  give  rise 
to  puruleid  inflammations  of  the  liver,  lungs,  pleura,  peritoneum,  brain, 
brain  7nembranes,  muscles,  myocardium,  spleen,  kidneys.  Joints,  etc.,  and 
are  also  often  the  cause  of  very  severe,  at  times  purulent,  inflammations 
of  the  endocardium  (Fig.  406).  Inasmuch  as  the  virulence  of  the  straphy- 
lococci  fluctuates,  they  can  cause,  in  all  the  above-mentioned  places  and 
also  elsewhere,  lighter  transitory  inflammations,  which  heal  with  or  with- 
out scar-formation. 

The  portal  of  entrance  of  the  staphylococci  is  generally  to  be  recog- 
nized without  difficulty  (especially  in  the  case  of  wounds),  and  the  same 
is  true  also  of  the  route  which  they  have  followed  when  a  metastasis 
occurs  in  some  internal  organ,  in  which  event  inflammations  of  the 
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Fig.  405.— Metastatic  aggregation  of  micrococci  in  the  liver.  (Alcohol ;  Gram's  method  ;  vesuvin.)  a. 
Normal  lobule;  6,  necrotic  lobule:  c,  Cj,  capillaries  and  veins  filled  with  micrococci;  d,  periportal  small- 
cell  infiltration ;  6,  a  collection  of  small  round  cells  partly  inside,  partly  outside  a  vein  into  which  a  venula 
centralis  filled  with  micrococci  opens.    Magnified  40  diameters. 

lymph-vessels  (lymphangitis)  and  of  the  blood-vessels  (phlebitis,  arter- 
itis) make  their  appearance.  Cryptogenetic  infections,  however,  are 
not  of  rare  occurrence,  and  they  are  of  such  a  character  that  the  myocar- 
dium or  the  endocardium  or  the  bone-marrow  or  some  other  part  of  the 
body  may  be  the  first  locality  in  which   disease  can  be  recognized. 
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Spreading  of  the  staphylococci  by  means  of  the  blood — an  event  which 
leads  to  multiple  localization,  with  abscess-formation — is  designated,  as 
in  the  case  of  the  spreading  of  the  streptococci,  as  pyaemia ;  when  the 
disease  is  complicated  by  the  development  of  severe  symptoms  of  poison- 
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Fig.  406.— Endocarditis  pustulosa  caused  by  staphylococcus  pyogenes  aureus.  (Alcohol;  Gram's 
method  ;  vesuvin.)  a.  Tissue  of  the  posterior  segment  of  the  mitral  valve ;  b,  threads  of  tendon  ;  c,  pustular 
protuberance  of  the  upper  surface  of  the  mitral  valve :  d,  staphylococcus  pyogoies  aureus;  e,  staphylococci 
intermixed  with  pus-corpuscles ;  /,  pus-corpuscles  with  cocci ;  0,  small  abscess.    Magnifled  60  diameters. 

ing,  the  term  septicaemia  is  employed;  and  when  there  is  a  combination 
of  both  processes  it  is  usual  to  designate  the  condition  as  septico- 
pyaemia  (comp.  §  162). 

The  staphylococcus  pyogenes  aureus  is  also  pathogenic  for  animals — 
horses,  dogs,  cattle,  goats,  sheep,  rabbits,  guinea-pigs,  and  mice— and 
especially  is  this  true  for  those  named  first.  It  gives  rise  to  suppura- 
tions in  these  animals.  In  artificial  cultures  its  virulence  readily  di- 
minishes. The  inoculation  of  susceptible  animals  with  cultures  of  very 
great  virulence  causes  a  gelatinous-oedema. 

The  staphylococcus  pyogenes  albus  (Rosenbach)  and  the  staphy= 
lococcus  pyogenes  citreus  (Passet)  are  very  closely  related  to  the 
staphylococcus  pyogenes  aureus,  and  apparently  are  only  varieties  of 
this  organism.  The  first  forms  white  colonies,  the  other  citron-yellow 
colonies  (Plate  I.,  Fig.  6).  These  bacteria  are  found  in  the  same  local- 
ities as  are  the  golden-yellow  pus-cocci,  and  their  mode  of  action  is  the 
same  as  that  of  the  latter,  but  they  are  not  encountered  so  frequently  as 
is  the  aureus. 

The  staphylococcus  pyogenes  aureus  usually  occurs  alone  in  the  pus- 
foci,  yet,  not  infrequently,  other  pus-cocci  or  even  bacilli  are  also  found 
accompanying  it — for  example,  the  bacterium  coli  commune,  or  the 
typhoid  bacilli. 

§  165.  flicrococcus  gonorrhoeas  sive  gonococcus  (Fig.  407)  is  a  coc- 
cus which  was  first  described  by  Neisser  in  1879.  It  is  constantly  present 
in  the  purulent  catarrh,  called  gonorrhoea,  of  the  male  and  female  urethra 
and  the  female  genital  canal  (especially  that  of  the  uterus),  as  well  as  in 
the  secretion  of  blennorrhoea  of  the  eye,  and  it  is  also  regarded  as  the 
cause  of  the  gonorrhoea  and  of  the  blennorrhoea  of  the  eye.  Besides 
the  specific  cocci,  other  cocci  may  also  be  present  in  the  gonorrhoeal 
secretion,  some  of  them  resembling  the  specific  cocci  very  closely. 
The  secretion  may,  moreover,  also  contain  the  pus-cocci. 

The  gonococcus  can  be  cultivated  on  coagulated  human  blood-serum, 
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on  blood-serum  gelatin,  on  human  blood-serum  agar,  and  on  urine  agar; 
and  it  forms  on  the  surface  of  the  nutrient  medium  a  yellowish-gray 

layer  with  a  smooth  surface.  It  dies 
out  easily,  and  grows  onh'  at  compara- 
tively high  temperatures. 

Animals  enjoy  immunity  from  in- 
fection by  inoculation.  Efforts  were 
made  by  Bockhart  and  Bumm  to  in- 
oculate human  beings  with  gonococci 
cultivated  on  artificial  media,  and  they 
obtained  in  this  way  a  purulent  catarrh 
of  the  inoculated  mucous  membrane. 
The  experiments  of  Bumm,  i)articularly 
upon  two  women,  seem  to  have  given  a 
positive  result. 

The  coccus  forms  mostly  clumi)S  in 
the  jiuruleut  secretion  of  the  mucous 
membrane  affected  with  gonorrhoea.  It  appears  largely  in  the  form  of 
diplococci  with  the  opposing  surfaces  flattened  (Fig.  407),  partly  free 
(a)  and  partly  inclosed  in  cells  (/>);  it  stains  readily  with  aniline  dyes, 
but  becomes  decolorized  by  Gram's  method. 

The  gonococcus  penetrates  into  the  epithelial  layer  of  the  mucous 
membrane  and  lies  sometimes  between  and  sometimes  within  the  ei)ithe- 
lial  cells  and  in  leucocytes.  Only  the  superficial  layers  of  the  connective 
tissue  are  penetrated.  It  causes  inflammations  which  assume  the  char- 
acter of  purulent  catarrhs ,  and  which  are  accompanied  by  cellular  infil- 


Fir;.  407.  -  Gonococrf  in  tho  secretion  from 
the  urethra  in  fresh  jroiionlKj-a.  (MctlivlcMic 
blue;  eosin.)  a,  Mucus  witli  separat'  cocci 
and  diplococci:  h,  pus-cells  with  diplocw^ci ; 
('.  pus-c«lls  without  diplocoai.  Magnifled 
700  diameters. 


Fig.  408.-  Gonorrhoeal  urethritis.  Section  through  the  wrinkled  mucous  membrane.  (Müller*^  fluid : 
haematoxylin ;  eosin.)  a.  Normal  connective  tissue:  h.  c,  inflamed,  infiltrated,  and  proliferating  connective 
tissue  of  the  mucous  membrane :  d,  infiltrated  and  desquamating  epithelium  :  c,  detached  epithelial  cells  and 
pus  corpuscles,    Magnifled  400  diameters. 


tration  of  the  tissues  of  the  mucous  membrane  (408,  h,  c,  d)  and  by 
desquamation  of  the  epithelium.  The  male  and  female  urethra  and  the 
adjoining  parts  of  the  genital  ducts  and  glands,  and  the  urinary  jmssages 
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form  the  chief  points  of  localization.  The  extent  to  which  the  inflam- 
mations following  gonorrhoea  (peri-urethral  abscesses,  inflammations  of 
the  prostate  gland,  of  the  epididymis,  of  the  seminal  vesicles,  of  the 
bladder,  of  Bartholin's  glands,  of  the  tubes,  of  the  ovary,  of  the  pelvic 
peritoneum,  and  of  the  joints)  are  due  to  the  spread  of  the  gonococcus 
on  the  one  hand,  or  to  secondary  infection  with  the  pus-cocci  on  the 
other,  is  still  a  matter  of  dispute.  From  the  investigations  which  have 
thus  far  been  made  it  can  no  longer  be  doubted  that  the  gonococcus 
may  become  widely  spread  over  the  mucous  membranes.  It  has  also 
been  found  repeatedly  in  inflamed  Fallopian  tubes,  ovaries,  and  joints, 
in  perimetritic  and  parametritic  inflammatory  foci  and  in  peri-urethral 
abscesses,  and  is  to  be  regarded  as  the  cause  of  the  inflammation.  Still 
the  processes  leading  to  suppuration,  and  also  the  metastases  in  remote 
organs,  seem  to  depend  oftener  upon  the  presence  of  pus-cocci. 

The  gonorrhoeal  infection  is  at  the  outset  an  acute  process,  but  can 
become  chronic,  and  is  cured  only  with  great  difiiculty  because  the 
gonococci  maintain  themselves  here  and  there  in  the  urethra,  in  the 
Fallopian  tubes,  etc.,  for  years,  and  cause  inflammation. 

§  166.  Cocci  have  been  determined  as  the  undoubted  exciting  causes 
of  animal  diseases  in  the  case  of  a  large  number  of  those  which  are  of 
an  infectious  nature,  and  that  this  statement  is  correct  in  regard  to  still 
others  has  been  rendered  at  least  probable.  As  has  already  been  men- 
tioned before,  the  streptococcus  pyogenes,  the  diplococcus  pneumonise, 
and  the  micrococcus  i)yogenes  aureus  are  pathogenic  for  various 
animals,  and  the  latter  variety  especially  may  often  cause  spontaneous 
suppurative  inflammations  in  animals — i.e.,  inflammations  which  have 
not  been  caused  by  the  experimenter.  On  the  other  hand,  diseases  have 
also  been  produced  experimentally  in  animals  by  various  cocci  which  are 
not  pathogenic  for  man.  Furthermore,  in  several  spontaneously  occur- 
ring diseases  of  animals,  cocci  have  also  been  demonstrated,  and  it  is  not 
unlikely  that  they  are  the  exciting  causes. 

1.  According  to  Schütz,  ^  Sand  and  Jensen, ^  and  Poels,^  the  strangles  of  horses  is  an 
infectious  disease  in  whicli  the  mucous  membranes  of  the  upper  respiratory  tract  are 
the  seat  of  a  mucopurulent  inflammation,  in  which,  moreover,  the  lymph-glands  pertain- 
ing to  the  part  become  swollen  and  some  of  them  suppurate.  It  is  caused  by  a  coccus 
in  chains,  wliich  may  be  cultivated  and  which  produces  strangles  in  horses  on  inocula- 
tion (Schütz). 

2.  According  to  Schütz,  ^  the  epidemic  lung-disease  of  horses,  infectious  pneumonia, 
is  caused  by  an  'oval  coccus,  whicli  is  not  identical  with  the  diplococcus  pneumonioe  of 
Fränkel  or  the  bacillus  pneumonice  of  Friedländer,  and  consequently  not  identical  with 
the  fission-fungus  described  by  Perroncito^  in  the  pneumonia  of  horses,  and  held  to  be 
identical  with  the  diplococcus  pneumonioe. 

8.  According  to  Semmer  and  Archangelski, ^  the  microparasite  of  cattle-pest  is  a  mi- 
crococcus. According  to  Metschnikoff  and  Gamaleia,''  it  is  a  bacillus.  The  disease  is 
anatomically  distinguished  by  inflammation  of  the  intestinal  tract,  bearing  partly  a 
croupous  and  diphtheritic  character,  as  well  as  by  swelling  and  sometimes  even  by  necrosis 
of  Pey er' s  plaques. 

1  "Der  Streptococcus  der  Druse  der  Pferde,"  Arch.  f.  wissensch.  u.  prakt.  Thierheilk., 
xiv.,  1888,  ajid  Zeitsch.  f.  Hygiene,  iii. 

2"Die  Aetiologie  der  Druse,"  Deutsche  Zeitsch.  f.  Thier med.,  xiii. 
3 "Die  Mikrokokken  der  Druse  der  Pferde,"  Fortsch.  d.  Med.,  vi. 
^" Die  Ursachen  der  Brustseuche  des  J^ievdes,"  Archiv  f.  wissensch.  u.  prakt.  Thier- 
heilk.,  1887,  and  Virch.  Arch.,  107  Bd.,  1887. 
^Arch.  Ital.  dehiol.,  vii.,  1886. 

^  Centralbl.  f.  d.  med.  Wiss.,  1883,  and  D.  Zeitschr.  f.  TKermed.,  xi. 
''  Centralbl.  f.  Bakt,  i.,  633. 
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4.  According  to  Poels  and  Nolen,'  monococci  and  diplococci,  some  of  them  with  a 
gelatinous  capsule,  are  found  constantly  in  the  lungs  and  pleural  exudate,  in  contagious 
pleuropneumonia  of  cattle.  On  gelatin  and  agar-agar  they  make  mostly  white  colonies 
that  later  become  cream-colored.  Pure  cultures  injected  into  the  lungs  of  rabbits, 
guinea-pigs,  dogs,  and  cows  cause  pneumonic  changes.  Cornil  and  Babes  found  various 
bacteria  in  the  exudate. 

5.  In  the  udder-infiammations  of  domestic  animals,  which  occur  sometimes  sporadi- 
cally, sometimes  epidemically,  different  micrococci  and  streptococci  have  been  described, 
and  have  also  been  designated  by  various  names. "^ 

6.  According  to  Johne^the  cerebrospinal  meningitis,  which  occurs  epidemically 
among  horses,  is  caused  by  the  diplococcus  intracellularis  (Weichselbaum.  §  1(33). 

7.  Babes  found  in  hsemoglobinuria  of  cattle — a  disease  that  occurs  in  epidemics  in 
Roumania — a  coccus  resembling  the  gonococcus,  which  he  regards  as  the  cause  of  the  dis- 
ease.'* 

8.  According  to  Semmer,  Friedberger,  and  ^Mathis,^  the  distemper  of  dogs  is  also 
caused  by  a  coccus. 

9.  The  foot-and-mouth  disease  of  cattle.,  according  to  Klein,  is  caused  by  a  strepto- 
coccus.^ In  recent  years,  8chottelius '  and  Kurth*  and  others  have  also  found  cocci  in 
the  organs  of  animals  sick  of  the  foot-and-mouth  disease  ;  but  the  bacteria  described  do 
not  correspond  with  one  another,  and  the  pathological  significance  is  doubtful.^ 

10.  According  to  Rivolta  and  Johne.'"  and  Rabe."  there  occurs  in  horses  a  peculiar 
tumor-like  growth  of  the  connective  tissue,  called  by  Johne  mycofibronia  or  mycodesmoid, 
which  is  caused  by  a  micrococcus  that  grows  in  the  animal  tissues  in  round  or  grape- 
cluster-like  colonies.  These  quickly  become  sun-ounded  by  a  hyaline  capsule,  and  are 
therefore  to  be  reckoned  as  ascococci  {Micrococcus  ascoformans).  The  tumefaction  con- 
sists, similarly  to  that  of  actinomycosis,  of  connective  tissue,  inclosing  small  foci  of  pro- 
liferation, which  break  dowai  into  pus.  The  foci  harbor  the  fungi.  They  seem  to  de- 
velop oftenest  in  the  spermatic  cord,  after  castration.  They  appear,  however,  in  other 
parts  of  the  body.'"'^ 

11.  According  to  Eberth  '^  and  M.  Wolff  '•*  a  large  number  of  the  gray  parrots  (Psit- 
tacus  erithacus)  imported  into  Eui'ope  die  of  a  streptococcus  mycosis.  The  micrococci  are 
present  in  nearly  all  the  organs,  but  especially  in  the  capillaries  of  the  liver  and  their 
neighborhood,  where  they  cause  necroses  of  the  liver-cells,  but  no  suppuration. 

12.  According  to  Eberth, '^  some  of  the  pseudotuberculous  processes  occurring  in 
guinea-pigs  represent  a  chronic  suppuration  that  is  produced  by  cocci,  and  that  some- 
times leads  to  metastases  in  other  organs. 

1  Fortschr.  der  Med.,,  1886. 

2  Hess  and  Bergeaud :  "  Contag.  Euterentzündung,  gelber  Galt  gennant,"  Schweiz. 
Arch.  f.  Thierheilk.,  30  Bd.,  1888;  Frank:  "  Euterenfzündungen."  Deut.  Zeitschr.  f. 
Thiermed.,  ii.,  1876;  Kitt:  "Euterentzündung."  "Lehrb.  d,  path.  anat.  Diagnostik." 
Stuttgart,  1894. 

3  "  Seuchenartige  Cerebrospinalmeningitis  d.  Pferde."  De?< f.  Zeitschr.  f.  Thiermed.. 
:£xii.,  1887. 

*  "Sur  l'h^moglobinurie  bact^rienne  du  bceuf."  Compt.  rend,  de  l'Acad.  des  Sciences 
de  Paris,  cvii..  1888;  Virch.  Arch.,  115  Bd.  ;  and  Annal.  de  Vlnstit.  de  Pathol,  ä  Bu- 
carest,  1890. 

5  Centralbl.f  Bakt.  iii.,  343. 

6  Centralbl.f  d.  med.  Wiss.,  1886. 

^  " lieber  einen  bakter.  Befund  bei  Maul-  u.  Klauenseuche."  Centralbl.  f.  Bakt..  xi.. 
1892. 

8  "Bakt.  Untersuch,  bei  Maul-  n.  Klauenseuche."  "Ai'b.  aus  dem  Reichsgesund- 
heitsamt," viii.,  1893. 

9  Johne:  Deutsche  Zeitsch.  f.  Thiermed..  xix..  1893;  Löffler  und  Frosch:  Central- 
blattf  Bakt,  xxii.,  S.  257,  1897. 

^^  Deutsche  Zeitsch.  f.  Thiermed..  xii.,  and  "Bericht  über  das  Veterinärwesen  im 
Königr.  Sachsen  f.  das  Jahr  1885." 

"  Deutsche  Zeitsch.  f.  Thiermed.,  xii. 

'-  Kitt,  "Der  Micrococcus  ascoformans  und  das  Mykofibrom  des  Pferdes,"  CentrcUbl. 
f  Bakt,  iii.,  1888. 

13  Virch.  Arch.,  80  Bd. 
■      ^"^  Virch.  Arch.,  92  Bd. 

15  Virch.  Arch. ,  100  Bd. 
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2.    The  Bacilli  and  the  Polymorphous  Bacteria^  and  the  Morbid  Processes 

Caused  by  Them. 

(a)  General  Eemarks  wpon  Bacilli  and  upon  Polymorphous  Bacteria. 

§  167.  Under  the  name  Bacilli  or  Bacillacei  (A.  Fischer)  or  Bac- 
teriacei  (Zopf)  can  be  classified  all  those  bacteria  which  appear  in  the 
form  of  straight  rods,  or  rods  that  are  only  slightly  bent  in  one  plane. 
By  many  authors  (Cohn,  Hüppe,  Lehmann)  the  bacillacei  are  divided 
into  two  groups :  bacterium  and  bacillus.  Of  these  the  latter  is  distin- 
guished by  the  formation  of  endogenous  spores,  while  spore-formation 
is  lacking  in  bacterium. 

The  bacilli  multiply  by  division.  The  rods  grow  in  length  and  divide 
into  approximately  equal  parts  by  the  appearance  of  a  transverse  wall  of 
division.  If  the  division  of  the  rod  that  is  growing  out  in  length  does 
not  take  place  for  some  time,  or  if  the  division  between  the  different 


Fig.  iiO. 

Fig.  4QQ.— Bacillus  subtilis  in  different  stages  of  development.  (After  Prazmowski.)  a,  Separate  rods  ; 
b,  rods  with  flagella;  c,  chains  of  rods ;  d,  separate  cells  with  spores ;  e,  chains  of  rods  with  spores;  fi-f^, 
germination  of  spores.    Magnifled  800  diameters. 

Fig.  410.— Clostridium  hutijricum.  (After  Frazmowski.)  a.  Short  rods;  b,  long  rods;  c,  chains  of 
rods ;  d,  cells  with  spores ;  Cj-Ct,  germination  of  spores.    Magnifled  800  diameters. 

parts  is  not  easily  recognized,  there  result  long  jointless  rods  or  threads 
(Fig.  410,  b).  If  the  divided  rods  remain  hanging  together  they  form 
chains  of  rods  (Fig.  409,  c,  and  Fig.  410,  c).  In  many  forms  of  bac- 
teria the  ends  are  blunt,  in  others  rounded  or  even  pointed. 

In  many  bacilli  resting  stages  as  well  as  swarming  stages  are  ob- 
served, in  which  the  flagella  serve  as  organs  of  locomotion  (Fig.  339,  b). 
The  flagella  are  situated  sometimes  at  the  ends,  sometimes  on  the  sides 
of  the  rods,  and  may  occur  in  large  numbers. 

In  many  bacilli  endogenic  spore=forination  is  observed  (Fig.  409,  d, 
e,  and  Fig.  410,  d),  in  which  the  spore  sometimes  lies  in  the  middle, 
sometimes  in  the  end  of  the  cell.  Not  infrequently  the  spores  appear 
in  jointed  threads.  The  germination  of  spores  results  in  the  formation 
of  new  rods  (Fig.  409,  /-/„  and  Fig.  410,  e-e,). 

A  noticeable  change  of  shape  does  not  usually  take  place  in  the  rods 
in  spore-formation.  In  other  cases  the  rods  assume  a  spindle  shape  or 
club  shape  or  pear  shape  (Fig.  410,  d),  and  this  has  been  taken  as 
ground  for  establishing  a  special  group,  Clostridium.  Numbers  of  au- 
thors, nevertheless,  reckon  these  forms  also  with  the  bacilli. 

In  the  non-pathogenic  bacilli  spore-formation  and  germination  have 
been  more   exactly  studied,   especially  in    bacillus  subtilis   and  bacillus 
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amylobacter,  and  these  offer  good  examples  of  the  processes  which  come 
under  consideration  in  this  connection. 

Bacillus  subtilis  is  a  fission-fungus  whose  spores  are  ver}'  widely 
distributed  in  the  ground,  in  hay  (the  hay  bacillus),  and  in  the  air. 
Cultivated  upon  slices  of  potato  or  upon  dung  of  herbivorous  animals, 
it  forms  whitish-yellow  clumps;  on  liquids,  thin  and  thick  pellicles.  It 
requires  oxygen  for  its  development. 

The  fully  grown  cells  (Fig.  409,  o)  are  6  ,"  long.  The  snake-like 
motions  sometimes  seen  are  produced  by  one  or  two  flagella  (b).  The 
growth  of  the  rods  is  at  first  in  the  form  of  undivided  threads ;  when 
these  are  segmented  chains  of  bacilli  are  formed.  The  sei:)arate  cells 
may  develop  in  their  interior  glistening,  sharply  contoured  spores  (c/, 
e),  which  lie  either  in  the  middle  or  nearer  to  one  end.  Subsequently 
the  cells  out  of  which  the  spores  have  been  formed  perish.  In  germi- 
nation the  spore  (Fig.  409,  f-f. J  becomes  pale  and  loses  its  glistening 
appearance  and  its  shar^)  contour.  Then  at  each  i^oIq  a  shadow  ap- 
pears, while  the  spore  begins  a  tremulous  motion.  After  a  time  the 
contents  of  the  spore  project  from  the  side  of  the  membrane  in  the  form 
of  a  germinal  diverticulum,  which  becomes  elongated,  divides,  and  pro- 
duces swarming  staves.  The  empty  spore  membrane  may  remain  pre- 
served for  a  time  after  the  exit  of  the  embryo. 

Bacillus  butyricus  (baciUus  amylobacter  of  van  Tieghem,  vibrion 
bufyrlque  of  Pasteur,  Clostridium  butyricum  of  Prazmowski)  possesses 
staves  of  from  3  to  10  ß  in  length,  and  also  produces  threads  and  chains 
of  rods.  In  spore-formation  the  cells  become  spindle-shaped  or  club- 
shaped  and  tadpole-shaped  (Fig.  410,  d),  and  then  produce  one  or  two 
glistening  spores.  In  germination  after  absorption  of  the  spore  mem- 
brane a  germinal  tubule  protrudes  from  one  of  the  two  poles  (Fig.  410, 
e-e^).     This  becomes  prolonged  and  forms  new  staves  by  segmentation. 

Bacillus  bidyriciis  needs  no  oxygen  for  its  development,  and  produces 
butjTic-acid  fermentation,  with  evolution  of  carbonic-acid  gas,  in  solu- 
tions of  starch,  dextrin,  sugar,  or  glycerin.  In  starch  or  glycerin  or 
nutrient  fluids  containing  cellulose  the  bacilli  stain  blue  with  iodine. 

The  polymorphous  bacteria  are  distinguished  from  the  bacilli  by 
the  fact  that  they  form,  besides  rods,  also  long,  short-jointed  threads,  at 
times  also  true  branchings  of  the  threads ;  and  also,  in  a  few  instances,  a 
basal,  non-growing,  and  an  apical  growing  end  can  be  differentiated. 
In  this  category  belong  the  fungi  known  as  the  leptothrix,  beggiatoa, 
crenothrix,  and  cladothrix.  They  are  here  placed  with  the  bacilli, 
because,  on  the  one  hand,  their  botanical  position  is  not  determined, 
while,  on  the  other,  so  far  as  they  are  pathogenic,  they  conform  most 
closely  to  the  bacilli  in  their  biological  characters. 

Saprophytic  bacilli  cause  many  kinds  of  fermentation  by  their 
growth  in  nutrient  fluids ;  many  of  them  also  form  pigments. 

Bacillus  prodigiosus  grows  on  potatoes  and  bread,  as  well  as  on 
agar-agar  and  nutrient  gelatin.  It  liquefies  the  latter,  and  produces  a 
red  coloring-matter  which  is  soluble  in  alcohol.  The  coloring-matter 
develops  only  where  oxj^gen  is  present.  In  the  growth  in  milk  the 
coloring-matter  is  contained  in  the  fat-droplets.  The  bacilli  themselves 
are  always  colorless. 

Bacillus  fluorescens  liquefaciens  produces  in  gelatin  whitish  cul- 
tures, and  in  the  neighborhood  of  these  the  gelatin  becomes  liquefied, 
while  the  gelatin  in  the  more  remote  surrounding  portions  fluoresces 
with  a  yellowish -green  color. 
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Bacillus  cyanogenes  (Neelsen,  Hueppe),  when  cultivated  in  sterilized 
milk,  produces  a  slate-gray  color  that  changes  to  intense  blue  on  the  ad- 
dition of  acid.  In  unsterilized  milk,  where  lactic-acid  bacteria  develop 
simultaneously,  tlie  blue  color  appears  without  the  addition  of  acid. 
On  potatoes  it  forms  yellowish  slimy  cultures,  in  the  neighborhood  of 
which  the  substance  of  the  potato  is  colored  grayish-blue  (Flügge). 

Bacillus  acidi  lactici  causes  fermentation  of  sugar  of  milk  in  lactic 
acid,  and  produces  coagulation  of  casein.  The  cultures  obtained  in 
gelatin  are  of  a  white  color. 

Bacillus  caucasicus  (dispora  caucasica)  forms  one  of  the  fungus  con- 
glomerates that  is  called  kefyr  ferment,  which  the  inhabitants  of  the 
Caucasian  Mountains  use  in  the  preparation,  from  milk,  of  the  alcoholic 
drink  called  kefyr.  The  kefyr  ferment  consists  of  small  granules  which 
contain  yeast-cells  along  with  rods.  The  bacilli  occasionally  show 
motile  forms  and  develop  on  the  ends  of  each  rod  a  round  spore.  By 
their  growth  in  the  milk  the  milk-sugar  is  probably  converted  into  glu- 
cose, while  the  yeast-cells  produce  alcoholic  fermentation.  According 
to  Hueppe,  the  kefyr  granules  contain  still  other  bacteria  that  peptonize 
casein. 

Häuser  described,  under  the  name  of  Proteus  vulgaris  (Bacterium 
vulgare,  of  Lehmann),  a  form  of  bacillus  which  very  often  occurs  in 
putrefying  animal  substances  and  causes  the  foul  putrefaction.  It  forms 
staves  of  very  varied  length,  and  produces  when  cultivated  in  meat  (Car- 
bone)  sethylendiamin,  gadinin,  and  trimethylamin,  of  whicli  the  first 
two  bases  are  poisonous  for  animals.  According  to  observations  of 
Bordoni-Uffreduzzi,  Foa,  Bonome,  and  Banti,  c'ertain  bacilli  closely 
resembling  the  proteus  of  Häuser  seem  to  be  pathogenic  for  human  be- 
ings and  capable  of  causing  blood  infection  as  well  as  intestinal  affec- 
tions. 

Bacillus  aceticus  (mycoderma  aceti)  is  a  bacillus  which  converts  the 
alcohol  of  fermented  beverages  into  vinegar. 

Bacillus  pyocyaneus  occurs  occasionally  in  bandages  from  suppurat- 
ing wounds,  and  causes  a  greenish-blue  discoloration.  The  bacilli  are 
small  and  slender.  The  cultures  show  different  forms  of  growth.  Gela- 
tin is  liquefied  and  turned  green.  The  coloring-matter  called  pyocya- 
nin  is  soluble  in  chloroform  and  crystallizes  out  of  solution  in  long  blue 
needles.  The  bacillus  is  pathogenic  for  rabbits,  guinea-pigs,  pigeons, 
and  frogs,  and  causes  on  inoculation  sometimes  local  ulceration,  some- 
times general  infection.  According  to  Kossel,  Kramhals,  and  others,  it 
may  also  be  pathogenic  for  man,  and  from  suppurating  wounds  may 
cause  septic  intoxication  with  enlargement  of  the  spleen  and  enteritis. 

The  pathogenic  bacilli  and  polymorphous  bacteria  cause  diseases, 
sometimes  acute,  sometimes  chronic,  of  which  the  first  either  end  in 
death,  or,  by  the  destruction  of  the  bacteria,  go  on  to  recovery.  At  the 
same  time  it  occasionally  happens  that  even  in  the  acute  diseases  the 
bacteria  maintain  themselves  for  a  long  time  in  the  body.  The  chronic 
diseases  are  especially  characterized  by  the  fact  that  the  bacteria  live 
and  increase  in  the  body,  so  that  the  disease  assumes  a  progressive 
character,  and  sometimes  quickly,  sometimes  more  slowly,  new  regions 
are  taken  possession  of  by  the  bacteria  and  become  altered  by  them. 
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ANTHRAX-BACILLI. 


(6)  Pathogenic  Bacilli  and  Polymorphom  Bacteria. 

%  168.  Bacillus  anthracis  (Bacteridie  du  charhon)  is  the  cause  of  an- 
thrax, an  infectious  disease  which  occurs  mainly  in  cattle  and  sheep, 
but  which  is  occasionally  transferred  to  human  beings.  It  is  a  fission- 
fungus  that  can  multiply  inside 
the  tissues  as  well  as  in  the  blood 
when  inoculated  into  a  susceptible 
animal  organism. 

The  anthrax-bacilli  (Fig. 
411 )  are  from  3  to  10  /^  long  and 
from  1  to  1.5  p-  broad.      In  the 
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Fig.  411. 


Fig.  412. 


Fig.  411.— Section  of  liver  with  capillaries  containing  numbers  of  anthrax-bacilli  aad  a  few  leucocytes. 
(Alcohol;  gentian  violet ;  vesuvin.)    Magnified  300  diameters. 

Fig.  412.— Anthrax-bacilli  containing  spores,  and  free  spores  that  have  escaped  from  the  bacilli.  (Cover- 
glass  preparation  treated  with  fuchsin  and  methylene  blue,  from  a  culture  of  the  bacilli  on  a  potato,  under 
the  stimulation  of  heat  in  an  incubator.)    Magnified  800  diameters. 


blood  of  animals  dead  of  anthrax  they  lie  separate  or  in  thread-like 
jointed  bands  of  from  two  to  ten  staves.  The  ends  are  as  a  rule  sharply 
cut  across  (Figs.  411  and  412),  more  seldom  slightly  concave  or  even 
convex  (Johne).  According  to  Serafini,  Günther,  and  Johne,  they  pos- 
sess a  gelatinous  capsule,  which  can  be  best  made  visible  in  dried  pre- 
parations by  staining  with  methylene  blue  (Günther).  They  can  be 
cultivated  upon  blood-serum,  upon  gelatin,  in  bouillon,  on  slices  of  po- 
tatoes and  turnips,  in  infusions  of  pease  and  mashed  seeds  of  different 
kinds,  in  the  presence  of  oxygen. 

The}"  grow"  most  quickly  at  a  temperature  which  varies  from  30°  to 
40°  C.  Development  is  impossible  at  a  temperature  below  15°  C.  and 
above  43°  C. ;  it  is  also  impossible  in  the  absence  of  oxygen. 

If  the  conditions  above  mentioned  are  present,  the  staves  grow  in 
length,  and  may,  in  a  few  hours,  form  threads  of  considerable  length, 
devoid  of  membranes.  These  are  made  up  of  short  segments  that  are 
rendered  visible  by  treatment  with  iodine  or  with  some  coloring-mate- 
rial (Fig.  412).  Ten  hours  later,  the  clear  contents  of  the  threads  become 
granular,  and  at  regular  intervals  bright  glistening  bodies  become  ap- 
parent, which  enlarge  into  strongly  refractive  spores  (Fig.  412).  Later 
on,  the  threads  disintegrate  and  the  spores  become  free. 

According  to  Brefeld,  Prazmowski,  Klein,  and  others,  the  spore  con- 
sists of  a  protoplasmatic  centre  which  is  surrounded  by  a  double  mem- 
brane, the  exosporium  and  the  endosporium.  In  germination  the 
former  is  ruptured  and  the  latter  becomes  the  membrane  of  the  liberated 
embryo.     The  liberated  embryo  multiplies  by  division. 
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Swarming  is  not  observable  during  the  entire  process  of  develop- 
ment; the  bacilli  are  always  motionless. 

The  anthrax-bacilli  easily  die  under  the  influence  of  high  tempera- 
tures when  subjected  to  drying,  and  in  the  presence  of  a  nutrient  me- 
dium which  has  become  putrefied.  The  spores,  on  the  contrary,  are 
very  resistant,  and  consequently  are  the  ordinary  medium  of  the  trans- 
fer of  the  disease. 

Colonies  in  gelatin  show  a  wavy,  irregularly  shaped  margin,  and 
consist  of  wavy,  curly  bands  of  threads  that  subsequently  grow  out  of 
the  culture  in  various  directions.  The  gelatin  becomes  liquefied  in  the 
immediate  neighborhood  of  the  culture.  On  slices  of  potato  they  form 
grayish- white  cultures  that  appear  slightly  granular  (Plate  I.,  Fig.  5), 
with  distinct  outline.     They  form  a  whitish  coating  on  blood-serum. 

Stab-cultures  in  gelatin  are  white,  and  in  the  process  of  growth  they 
radiate  at  right  angles  from  the  track  of  inoculation,  especially  near  the 
surface.     After  liquefaction  of  the  gelatin  they  sink  to  the  bottom. 

If  the  bacilli  or  spores  get  into  the  blood  they  multiply  and  produce 
the  staves  above  described,  which  can  be  stained  with  various  aniline 
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Fig.  413.— Section  through  an  anthrax-pustule  ten  days  old,  extirpated  from  the  arm  of  a  man.  a. 
Epidermis ;  /*,  corium ;  r.  papillary  body,  oedematous,  swollen,  filled  A\ith  exudate  and  bacilli ;  d,  external 
layer  of  the  corium  infiltrated  with  cells;  c?,,  the  same  containing  bacilli;  c,  deeper  layers  of  the  corium 
containing  bands  of  cells ;  /,  tissues  of  the  skin  interspersed  with  bacilli  and  cells ;  g,  bloody  exudate  on  the 
surface  containing  bacilli ;??,  hair-follicle;  i,  sweat-gland  coil.  (Alcohol;  Gram's  method ;  vesuvln.)  Mag- 
nified 3.5  diameters. 


colors,  and  also  by  the  emi)loyment  of  Gram's  method.  Sections  of 
hardened  organs  show  that  they  are  present  in  large  numbers  in  the 
capillaries  (Fig.  411),  especially  of  the  spleen,  of  the  liver,  of  the  lungs, 
and  of  the  kidneys.  The  contiguous  parenchyma  of  the  tissue  usually 
appears  unchanged ;  still  the  local  growth  of  the  bacilli  may  produce 
degeneration  of  tissue  and  necrosis.  If  an  infection  of  the  blood  takes 
place  during  pregnancy  the  infection  may  go  over  to  the  foetus. 
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If  anthrax-bacilli  or  their  spores  get  through  little  wounds  of  the 
skin  in  human  beings  they  develop  a  somewhat  elevated  pustule  with 
arched  or  flattened  surface  (Fig.  413),  usually  from  six  millimetres  up 
to  several  centimetres  in  diameter.  The  pustule  is  red  or  possibly  more 
of  a  yellowish  color.  It  is  often  in  time  covered  with  vesicles,  or  after 
the  loss  of  epithelium  it  becomes  moist;  and  by  the  drying  of  this  ex- 
udate, which  is  often  bloody,  a  scab  is  formed  (Fig.  413,  g).  Infection 
takes  place  in  persons  that  butcher  or  bury,  or  prepare  the  skins  of 
animals  affected  with  anthrax ;  occasionally  also  it  is  conveyed  through 
the  sting  of  a  fly  that  has  taken  uiJ  the  blood  of  an  animal  affected  with 
anthrax. 

The  centre  may  become  depressed  by  the  formation  of  the  scab  in 
the  middle,  the  edges  forming  a  wall  around.  The  neighborhood  of  the 
pustule  is  sometimes  little  changed  and  sometimes  red  and  swollen,  and 
may  be  occupied  by  small  yellowish  or  bluish-red  vesicles.  If  the  i^roc- 
ess  remains  local  the  sloughing  pustule  may  be  thrown  off.  Infection 
of  the  blood  is  followed  by  fatal  consequences.  In  rare  cases  infection 
shows  itself  in  a  widespread,  intense  cßdematous  swelling  of  the  tissues 

without  the  formation  of  a  circumscribed 
pustule. 

In  the  region  of  a  full}-  developed 
anthrax-pustule  (Fig.  413)  the  corium  (d, 
dj  and  papillary  body  (c)  become  per- 
meated by  a  cellular,  serous,  and  bloody 
exudate  as  well  as  by  bacilli.  The  bacilli 
lie  in  the  external  portions  of  the  corium 
(c/, )  and  in  the  i)apillary  bod}^  (c) ;  but  they 
can  penetrate  into  the  deeper  layers  of 
a/aSihmt:^Sr(Ft"i3Vwt?e^^  the  corium  (/).  In  the  region  of  the  pa- 
Sdllmetei?'''^*^  ^''''""'    ^^^^®*^      pillary  body  (c)  the  exudate  is  sanguino- 

leut.  Vesicles  filled  with  bloody  fluid 
result  if  the  exudate  extends  up  to  the  epi- 
thelial covering  and  if  the  deeper  jjortions  of  the  latter  become  liquefied, 
thereby  permitting  the  superficial  portions  to  be  lifted  up  by  the  exuded 
fluid.  If  the  upper  layers  of  skin  are  lost  the  bloody  fluid  containing 
bacilli  (g)  appears  on  the  surface. 

The  cellular  infiltration  has  its  seat  mainly  in  the  corium  {d,  d^,  e), 
and  it  makes  the  impression  as  if  the  great  massing  of  cells  would  form, 
to  a  certain  extent,  a  protection  against  the  further  encroachment  of  the 
bacteria.  The  cells  that  accumulate  are  for  the  most  part  polynuclear 
leucocytes  (Fig.  414).  The  bacilli  lie  partly  within  the  cells,  and  partly 
between  them. 

If  infection  with  anthrax-spores  takes  place  in  the  intestinal  canal — 
an  event  which  occurs  with  special  frequency  in  the  small  intestine,  and 
only  infrequently  in  the  stomach  and  large  intestine — reddish-black  or 
reddish-brown  hemorrhagic  foci,  the  size  of  a  lentil  or  bean,  with  a  gray- 
ish-yellow or  greenish-yellow  discolored  slough  in  the  middle,  will  de- 
velop. In  other  cases  the  crests  of  the  folds  of  the  mucous  membrane 
are  swollen  and  show  hemorrhagic  infiltration,  and  the  most  prominent 
parts  show  evidences  of  sloughing.  The  mucosa  and  submucosa  are  in- 
filtrated with  blood  in  the  region  of  the  foci ;  the  surrounding  tissue  is 
oedematous  and  hypersemic.  In  these  foci,  as  well  as  in  their  surround- 
ings, the  tissue  contains  bacilli,  especially  in  the  blood-  and  lymph-ves- 
sels, and  they  may  be  equally  well  seen  in  the  swollen  lymph-glands. 
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According  to  observations  of  Eppinger  and  Paltauf,  primary  lung 
infection  occurs  by  inhalation  of  anthrax-spores,  usually  proving  fatal 
in  from  two  to  seven  days.  Individuals  who  have  to  handle  the  hair  of 
animals  that  have  died  of  anthrax  are  specially  exposed,  and  the  infection 
of  the  men  or  women  who  are  busied  in  the  sorting  of  rags  in  paper-facto- 
ries— an  infection  which  is  known  as  rag-sorters'  disease — is,  in  a  part  of 
the  cases,  nothing  more  than  an  anthrax  infection.  The  bacilli  are  very 
probably  taken  into  the  lungs  in  the  form  of  spores  with  the  inspired 
air,  and  develop  in  the  bronchi  and  alveoli,  in  the  spaces  that  contain 
the  tissue-juices  of  the  lung  and  pleura,  and  in  the  bronchial  glands, 
and  they  also  penetrate  into  the  vessels.  Their  multiplication  causes 
inflammatory  processes  in  the  lung,  as  well  as  the  pouring  out  of  a 
bloody  serous  exudate  in  the  pleural  space  and  in  the  mediastinal  tis- 
sues, and  swelling  of  the  lymph-glands.  It  may  also  lead  to  formation 
of  necrotic  foci  in  the  lung  and  in  the  bronchial  and  tracheal  mucous 
membrane. 

Mice,  rabbits,  sheep,  horses,  and  sparrows  are  very  susceptible  to 
anthrax.  White  rats,  dogs,  and  Algerian  sheep  are  less  susceptible  or 
enjoy  complete  immunity.  Cattle  become  easily  infected  through  the 
intestines  by  taking  in  the  spores  into  the  alimentary  canal,  but  are 
less  susceptible  to  inoculation.  Formation  of  spores  does  not  take  place 
in  the  tissues  and  in  the  blood. 

By  cultivating  the  bacilli  at  from  42°  to  43°  C.  (Toussaint,  Pasteur,  Koch)  it  is  possible 
to  weaken  their  activity,  so  that  first  sheep  are  not  killed,  then  rabbits  and  guinea-pigs, 
and  finally  even  mice  are  no  longer  killed  by  inoculation.  If  the  temperature  is  near 
43°  C,  this  condition  can  be  reached  in  six  days  ;  at  42°  C.  it  may  take  sixty  days  be- 
fore the  virulence  becomes  weakened  to  this  extent  (Koch).  By  first  inoculating  with 
bacilli  that  kill  mice,  but  are  harmless  for  guinea-pigs,  and  by  a  second  inoculation 
with  bacilli  that  will  kill  guinea-pigs,  but  not  strong  rabbits,  sheep  and  cattle  can  be 
rendered  immune,  but  not  mice,  guinea-pigs,  or  rabbits.  Practically,  however,  this 
protective  inoculation  cannot  be  employed,  because  it  is  necessary  to  inoculate  with 
very  virulent  material  in  order  to  protect  from  natural  infection  with  spores  introduced 
into  the  intestines  ;  and  consequently  a  large  per  cent — from  ten  to  fifteen  per  cent — die 
from  the  protective  inoculation  itself.  Moreover,  the  protection  is  only  of  short  dura- 
tion, and  the  inoculation  must  be  repeated  in  about  a  year. 

According  to  observations  of  Roux  and  Chamberland,  the  anthrax-bacilli  can,  while 
retaining  their  full  virulence,  be  permanently  deprived  of  the  power  of  producing 
spores  by  cultivation  in  bouillon  to  which  a  small  amount  (1 :  2000)  of  potassium  per- 
manganate or  carbolic  acid  (1-2 ;  1000)  has  been  added. 

According  to  Koch,  anthrax-bacilli  can  be  cultivated  on  potatoes  and  alkaline  or 
neutral  infusions  of  hay,  on  cold  infusions  of  pea-straw,  on  mashed  barley  and  mashed 
wheat,  in  the  juice  of  turnips,  wheat,  leguminous  seeds,  and  numerous  dead  plants,  in 
the  presence  of  a  sufficient  quantity  of  water.  Consequently  the  bacilli  grow  and  de- 
velop outside  the  body — e.g.,  in  marshes  and  on  river-banks  (R.  Koch).  The  entrance 
into  the  animal  body  is  to  be  regarded  as  an  occasional  excursion  of  the  ectogenic  bacil- 
lus. According  to  Soyka,  the  development  of  spores  takes  place  very  quickly  in  a 
moist  medium  containing  the  necessary  nutrient  material.  According  to  Kitt,  cattle- 
dung  forms  a  nutrient  substratum  for  the  bacilli. 

§  169.  The  bacillus  typhi  abdominalis  (Fig.  415),  or  the  bacterium 
typhi,  is  a  fission-fungus  which  appears  mostly  in  the  form  of  plump 
staves  2  to  3  /J.  long,  with  rounded  ends  growing  out  into  long  pseudo- 
threads  in  cultures.  It  is  recognized  as  the  cause  of  typhoid  fever. 
When  examined  alive  in  cultures  it  shows  lively,  independent  loco- 
motion, caused  by  flagella  (Fig.  416)  which  are  attached  to  the  sides  of 
the  staves  as  well  as  to  the  ends.  The  flagella  can  be  made  visible  by 
proper  staining-methods.  The  bacillus  was  first  observed  and  described 
by  Eberth  and  Koch,  and  afterward  cultivated  pure  by  Gaffky.     A. 


474  THE    BACILLUS   OF   TYPHOID   FEVER. 

Pfeiffer  showed  its  presence  in  the  dejecta  of  typhoid  patients,  and  his 
observations  have  been  corroborated  often  since.  According  to  Seitz, 
Hueppe,  Neumann,  and  others,  it  may  also  be  present  in  the  urine  of 
typhoid  jjatients. 

It  may  be  well  stained  in  cover-glass  preparations  with  gentian  vio- 
let, alkaline  methylene  blue,  and  Bismarck  brown ;  by  treatment  with 


Fig.  415.— Typhoid  bacilli  from  a  pure  culture.       Fig.   416.— Typhoid    bacilli    with    flagella.      (After 
Smear  preparation.     (Methylene  blue.)    Magni-  Bunge).    Magnified  1,300  diameters, 

fled  1,000  diameters. 

iodine  according  to  Gram's  method  it  may  be  decolorized.  The  detec- 
tion of  the  bacilli  in  sections  of  hardened  organs  is  somewhat  difficult, 
because  the  cell-nuclei  also  become  stained,  and  because  the  bacilli  are 
not  uniformly  distributed,  but  usually  lie  in  clumps  in  the  tissue. 

The  bacillus  may  be  cultivated  as  well  in  nutrient  gelatin,  agar-agar, 
and  blood-serum  as  in  milk  and  on  slices  of  potato.  It  forms  a  coating 
on  the  latter  that  can  scarcely  be  distinguished  by  the  naked  eye.  But 
if  the  surface  is  touched  with  a  platinum  wire  it  becomes  apparent  that 
it  is  covered  with  a  pellicle,  and  the  microscopic  examination  shows  that 
this  consists  of  bacilli. 

On  gelatin  and  agar-agar  the  bacilli  form  whitish-gray,  flat  cultures 
of  irregular  shape.  Gelatin  is  not  liquefied.  Milk  in  which  the  bacilli 
are  grown  is  not  changed  externally. 

Cultures  flourish  at  room-temperature  as  well  as  at  body-temperature. 
Ordinary  potato-cultures  kept  between  30°  and  42°  C.  produce  staves 
which  have  glistening  granules  in  their  poles.  Gaffk}^  interpreted  these 
granules  as  spores,  and  formerly  most  authors  accepted  this  interpreta- 
tion. According  to  Büchner  and  Pfuhl,  however,  these  granules  at  the 
poles  are  degeneration  forms  occurring  especially  when  the  culture 
contains  an  acid.  The  i^olar  granules  represent  condensed  protoplasm, 
and  consequently  stain  in  fresh  preparations  more  quickly  with  the  ani- 
line dyes  than  do  the  other  parts.  The  clear,  colorless  flakes  on  the 
ends  of  the  staves  that  are  seen  on  dried  and  stained  bacilli,  and  which 
were  regarded  as  identical  with  the  polar  granules  and  declared  to  be 
spores,  result,  according  to  Büchner,  from  the  formation  of  hollows  in 
the  ends  of  the  staves,  due  to  retraction  of  the  tube  of  protoplasm  on 
the  death  and  drying  of  the  bacilli.  Consequently  spore-formation  has 
not  been  proved  to  exist. 

In  moist  earth  (Grancher,  Deschamps),  in  pure  and  impure  water, 
typhoid-bacilli  may  remain  alive  for  weeks.  They  do  not  die  out  for 
many  weeks  in  artificial  Seltzer  water  (Hochstetter).  In  privy-vaults 
and  faecal  masses,  or  in  earth  saturated  with  fgecal  matter,  they  may  sur- 
vive, under  certain  circumstances,  for  weeks  and  months  (Finkler,  Uffel- 
maun,  Karlinski). 
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Inoculation  of  the  bacilli  in  animals  used  ordinarily  for  experimental 
purposes  does  not  produce  a  disease  corresponding  to  typhoid  fever  in 
man.  Still  experiments  of  Sirotinin,  Beumer,  Peiper,  and  others  have 
shown  that  the  typhoid-bacilli  produce  active  toxins  and  toxalbumins 
(Brieger)  which  kill  animals  in  larger  doses,  causing  hypersemia  and 
swelling  of  the  intestinal  follicles,  of  the  mesenteric  glands,  and  of  the 
spleen.  Cultures  injected  into  the  tissues  produce  locally  more  or  less 
severe  inflammation. 

The  bacilli  or  their  spores  get  into  the  human  organism  probably 
with  the  drinking- w^ater  and  food ;  still  an  infection  through  the  lungs  is 
not  to  be  excluded.  According  to  the  results  of  the  anatomical  exami- 
nation, they  develop  in  the  wall  of  the  intestines,  in  the  region  of  the 
solitary  and  of  the  agminated  follicles  of  the  small  and  large  intestines, 
as  well  as  in  the  mesenteric  lymph-glands  and  in  the  spleen.  In  the 
first  of  these  localities  they  cause  an  inflammatory  infiltration  of  the 
mucosa  and  submucosa  (Fig.  417,  a^,  hj  that  is  extraordinarily  rich  in 
cells,  and  appears  in  the  form  of  flat  or  somewhat  elevated  and  rounded 
areas  above  the  inner  surface  of  the  intestines.  An  exudation  of  fibrin 
in  the  form  of  threads  may  take  place  both  on  the  free  surface  and  in 
the  deeper  layers.  Occasionally  cellular  inflammatory  foci  limited  in 
area  occur  also  in  the  muscularis  (cj  and  in  the  serosa  (d^).  A  part  of 
the  infiltrated  tissue  usually  sloughs  and  is  then  cast  off,  so  that  ulcers 
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Fig.  417.— Typhoid  fever.  Section  through  the  edge  of  a  swollen  Peyer^  plaque.  (Alcohol;  Bismarck 
brown.)  a.  Mucosa ;  h,  submucosa :  c\  muscularis  interna ;  d,  muscularis  externa ;  e,  serosa ;  ai,  bi,  Ci,  di,  ej, 
the  different  layers  of  the  intestine  infiltrated ;  /,  /,  sections  of  a  Lieberkühn's  gland ;  g,  follicle.  Magnifl^ 
15  diameters. 


are  formed.     In  another  part  the  swelling  may  subside  by  the  absor^)- 
tion  of  the  infiltration. 

The  swelling  of  the  lymph-glands,  which  is  sometimes  due  to  the 
accumulation  of  cells  and  fluid,  may  also  be  caused  by  an  exudation  of 
thready  fibrin.  It  is  a  condition  which  either  ends  in  recovery  by  the 
absorption  of  the  infiltration,  or  leads  to  partial  necrosis  of  tissue.  In 
the  spleen  the  pulp  in  particular  swells,  while  its  vessels  are  greatly 
dilated  with  blood,  and  later  its  parenchyma  becomes  crowded  full  of 
cells  and  fluid. 
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According  tc  recent  investigations,  the  hacilli  are  usually  distributed  to 
other  parts  of  the  body,  and  it  is  probable  that  the  inflammatory  exudates 
in  the  lung  which  occasionally  appear  in  the  course  of  typhoid  fever 
depend  in  i)art  upon  the  growth  of  the  bacilli  in  the  lung.  Still  it  must 
be  borne  in  mind  that  inflammations  due  to  inhalation  of  irritating  sub- 
stances very  often  occur  in  the  lungs  of  typhoid  i)atients,  and  also  that 
secondary  infections  with  cocci  start  from  the  ulcers  and  may  cause 
metastatic  inflammations  in  the  different  tissues.  The  swellings  of  the 
mucosa  and  submucosa  and  of  the  perichondrial  tissue  in  the  palate, 
throat,  and  larynx  that  often  occur,  and  that  depend  upon  inflammatory 
infiltration,  are  partly  the  consequences  of  specific  infection  and  partly 
of  secondary  disease.  Tyi)hoid  bacilli  have  been  demonstrated  in  the 
liver,  in  the  gall-bladder,  in  the  roseola  patches,  in  the  kidneys,  in  the 
central  nervous  system,  in  the  testicle,  in  the  pleuritic  and  peritoneal 
effusions,  in  the  periosteum,  and  in  the  bone  marrow,  etc.,  in  part  by 
means  of  the  microscope,  in  part  by  the  use  of  methods  of  cultivation. 
They  can  cause  degeneration  and  inflammation  in  all  of  these  places  and 
give  rise  to  suppuration  in  the  tissues,  so  that  inflammations  arising  in 
the  course  of  a  typhoid  infection  are  due  sometimes  to  the  dissemination 
and  localization  of  the  typhoid  bacilli,  sometimes  to  secondary  infec- 
tions, and  sometimes  to  mixed  infections. 

Neuhauss  was  able  to  find  tj'phoid  bacilli  even  in  the  spleen  of  a 
foetus  four  months  old,  whose  mother  aborted  while  suffering  from 
typhoid  fever.  Reher,  Eberth,  Chantemesse,  Widal,  and  Ernst  report 
similar  instances. 

Since  the  typhoid  bacilli  produce  active  toxins  and  toxalbumins,  the 
morbid  phenomena  are  to  be  referred  largely  to  poisoning.  In  the 
course  of  typhoid  fever  bactericidal  substances  develop  in  the  blood,  and 
these  cause  a  degeneration  of  the  typhoid  bacilli.  (Comp.  §  28.  Note 
also  the  Widal-Gruber  reaction  which  is  there  given.) 

The  cultures  of  typhoid-bacilli  show  few  characteristic  properties,  and  are  con- 
sequently difficult  to  distinguish  from  other  widely  distributed  bacteria.  Thus  their 
properties  are  very  similar  to  those  of  the  bacillus  coli  comnuinis  (cf.  §  170).  As  a  dif- 
ferential mark,  it  is  asserted  that  the  typhoid-bacilli  produce  no  indol,  whereas  other 
similar  bacteria — for  instance,  the  bacillus  coli — produce  indol,  so  thai  the  cultures  of 
the  latter  turn  red  on  the  addition  of  potassium  nitrite  and  sulphuric  acid.  In  two-per- 
cent grape-sugar  bouillon  the  typhoid-bacillus  produces  no  gas,  whereas  the  bacillus 
coli,  develops  gas.  Finally  the  typhoid-bacillus  produces  faint  acidity  in  milk,  but  no 
coagulation  ;  whereas  the  bacillus  coli  causes  strong  acidity  and  curdling  of  the  milk  in 
from  twenty-four  to  forty-eight  hours  at  87°  C. 

§  170.  The  bacillus  coli  communis,  or  thf  bacterium  coli  commune 
(Escherich),  is  a  fission-fungus  constantly  present  in  the  abdominal  canal 
of  man  as  well  as  of  mammalian  animals.  The  bacilli  are  staves  2  to  3  p- 
long  and  0.3  to  0.4  /j.  thick.  They  are  capable  of  locomotion  by  means  of 
flagella,  which  may  number  as  many  as  twenty  on  one  staff  (Bunge, 
Luksch,  Günther).  The  bacilli  grow  at  room-temperature  as  well  as  at 
the  temperature  of  the  incubator.  In  the  depth  of  the  gelatin  they  form 
small,  round  white  colonies,  on  the  surface  pellicle-like  colonies.  On 
potatoes  a  yellow  juicy  coating  is  formed,  of  the  same  shade  of  color  as 
maize  or  pease  (Günther).  Spore-formation  does  not  occur.  The  bacilli 
cannot  be  stained  by  Gram's  method. 

The  bacillus  coli  is  very  similar  to  the  typhoid-bacillus ;  still  it  may 
be  distinguished  from  this  hj  proper  methods  of  cultivation  and  by  the 
employment  of  suitable  reactions  (cf.  §  169).     Formerly  it  was  regarded 
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as  a  harmless  saprophyte  of  the  large  intestines,  but  it  can  no  longer  be 
doubted,  according  to  recent  investigations,  that  pathogenic  properties 
are  also  attributable  to  it,  and  that  it  is  capable  of  causing  degenerations 
and  inflammations  in  various  tissues.  Thus,  under  suitable  conditions, 
such  as  perforation  or  incarceration  of  the  intestines,  or  impacted  faeces, 
it  may  get  into  the  peritoneal  cavity  and  cause  purulent  inflammation, 
or  at  least  take  part  with  other  bacteria  in  the  production  of  in- 
flammation. It  gets,  moreover,  not  infrequently,  into  the  gall-ducts  and 
gall-bladder,  and  seems  capable  of  causing  inflammations  of  varying  in- 
tensity. Moreover,  the  bacillus  has  also  been  found,  in  some  cases  of 
septic  disease,  in  the  exudate  of  the  membranes  of  the  brain;  further- 
more, in  pericarditis,  pyelitis,  pyelonephritis,  cystitis,  bronchopneu- 
monia, strumitis,  scarlatinal  angina,  and  acute  yellow  atrophy  of  the 
liver  (Stroebe,  von  Kahlden) ;  and  one  cannot  doubt  that  it  is  the  active 
morbific  cause  in  these  diseases. 

The  similarity  between  the  bacillus  coll  and  the  typhoid-bacillus  has  caused  various 
authors  to  assume  that  the  two  bacilli  represent  only  varieties  of  one  kind,  and  that  con- 
sequently the  two  forms  may  pass  over  into  each  other.  Still,  at  present  the  opinion 
prevails  that  the  two  bacilli  are  to  be  entirely  separated  from  each  other  (cf.  §  169).  As 
there  are  other  bacilli  that  much  resemble  the  bacillus  coli,  and  often  are  not  to  be  dis- 
tinguished with  certainty  from  it,  it  may  well  be  assumed  that  the  publications  on  the 
bacillus  coli  have  not  always  dealt  with  the  same  bacterium. 

§  171.  The  bacillus  pneumoniae  was  discovered  by  Friedländer  and 
Frobenius.  This  bacillus,  it  was  assumed,  was  able  to  cause  inflamma- 
tions, especially  inflammations  of  the  lungs,  of  the  nose  (ozsena),  of  the 
middle-ear,  and  of  the  meninges,  and  less  frequently  of  other  organs. 
It  is  looked  upon  by  Friedländer  as  the  chief  cause 
of  croupous  pneumonia,  but  this  view  is  without  n  9\  ^ 
doubt  incorrect  (comp.  §  163).  According  to  ^ (^  ^^ 
Weichselbaum  it  has  been  demonstrated  in  only  ^  r\^  ^ 
about  five  per  cent  of  the  cases  of  lobar  pneumonia.  ^  ^  ^^ 
Baumgarten  and  others  go  so  far  as  to  maintain  ^^  ^ 
that  its  pathogenic  significance  is  not  yet  firmly  ^^^ 

established,  because  other  bacteria  are  always  fig.  ns.—Bacmns  pnen- 
found  present  with  it  in  the  lungs.  oV^rSiif aSfr'J^foTceiis 

The  bacilli  lie  in  the  alveolar  exudate,  as  well      Si^^es^^'wimgrfaunoS^^ 
as  in  the  pleuritic  exudates  that  form  at  the  same      suie.    Magnified  soo  diam- 
time  as  the  inflammation  of  the  lungs.     They  ap-      ^^^^' 
pear  sometimes  in  the  form  of  staves  (Fig.  418,  b), 

sometimes  in  the  form  of  oval  cells  (a),  and  not  infrequently  they  are 
joined  together  so  as  to  form  short  chains.  Since  the  oval  cells  are 
more  numerous  than  the  staff  forms,  the  bacillus  was  originally  reck- 
oned with  the  cocci. 

The  bacilli  possess  a  hyaline,  mucin-like  capsule,  soluble  in  alka- 
lies, insoluble  in  acetic  acid,  which  forms  a  common  sheath  around  the 
chains  of  the  bacilli  (Fig.  418) .  Independent  motion  has  hot  been  ob- 
served. 

The  bacillus  loses  its  color  when  stained  with  gentian  violet  and 
treated  with  iodine  and  alcohol,  and  may  be  easily  distinguished  in  this 
way  from  the  diplococcus.  In  order  to  stain  it  along  with  the  capsule 
in  sections,  Friedländer  recommends  the  employment  of  an  acid  solu- 
tion of  gentian  violet,  consisting  of  50  parts  of  concentrated  alcoholic 
solution  of  gentian  violet,  100  parts  of  distilled  water,  and  10  parts  of 
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acetic   acid.      After   staining   for   twenty-four   hours   the   sections   aro 
washed  out  in  a  0.1-per-cent  solution  of  acetic  acid  for  a  short  time. 

The  bacilli  grow  in  nutrient  gelatin  at  room-tem- 

/'.^"^ü-  perature,  and  form  porcelain- white,  knob-shaped  cul- 

^'fS'.P'g^  tures  on  the  surface  of  the  gelatin.  The  oval  and 
'^dMf^mm  staff-shax)ed  cells  possess  no  capsule.  Stab-cultures 
in  gelatin  are  nail-shaped  (Fig.  419),  this  appearance 
being  due  to  the  fact  that  the  bacilli  form  a  knob- 
shaped  prominence  at  the  entrance  of  the  canal  of 
inoculation.  This  is  a  peculiarity  that  the  i^neu- 
monia-bacilli  share  with  many  other  bacteria.  On 
blood-serum  they  form  graj  ,  transparent  colonies,  on 
agar-agar  grayish-white,  on  potatoes  grayish-white 
or  yellowish-white,  creamy  colonies.  Spore-forma- 
tion is  not  observed. 

Babbits  are  almost  entirely  refractory  to  inocula- 
tion of  the  lung;  mice,  on  the  contrary^  die  with 
pleurisy  and  disseminated  pneumonia  in  from  eigh- 
teen to  twenty  hours  after  injection  of  the  bacilli  into 
the  lung,  and  the  exudate  as  well  as  the  blood  is  found 
to  contain  bacilli  with  gelatinous  capsule,  some  lying 
free,  some  inclosed  in  cells.  A  typical  lobar  pneu- 
monia cannot  be  produced  in  the  ordinarj^  experi- 
mental animals. 

The  bacterium  of  Friedtäuder,  according  to  Fricke,  is  the 
principal  representative  of  a  group  of  bacteria  wliich  are  gathered 
together  under  the  name  bacilUis  mucosus  capsulatum,  and  represent 
varieties  of  a  single  species.  The  fission-fungus  described  as  the 
Ozaena  bacillus  is  identical  v^ith  the  pneumonia  bacillus,  and 
apparently  so  also  is  the  bacillus  from  the  milk  faeces  of  nursing 
children,  known  as  the  bacterium  lactisaerogeues,  to  which  is  at- 
tached possibly  a  greater  etiological  significance  as  the  cause  of 
many  diarrhoeas. 


Fig.  419.— Nail-shaped 
stab -culture  of  Fried- 
lander's  pneumococcus 
in  gelatin. 


§  172.  A  bacillus  was  described  in  1892  by  E. 
Pfeiffer  as  the  influenza=bacil!us  (Fig.  420),  and  the 
discovery  has  been  frequently  corroborated  since  ;  it 
is  regarded  as  the  cause  of  the  influenza..  In  indi- 
viduals who  are  sick  of  influenza  it  is  found  in  the 
catarrhally  affected  air-passages,  occasionally  also  in 
the  lungs.  The  small  bronchi  may  contain  enor- 
mous numbers  of  the  bacilli  in  pure  culture.  It  is  assumed  that  the 
multiplication  of  these  organisms  in  the  respiratory^  tracts  causes  inflam- 
mation, and  that  at  the  same  time  the^^  produce  poisons  which  on  being 
absorbed  cause  the  morbid  phenomena  peculiar  to  influenza.  Canon 
states  that  the  bacilli  go  over  into  the  blood.  The  inflammatory  changes 
which  take  place  in  different  internal  organs  during  the  progress  of  in- 
fluenza may  be  referred  in  part  to  the  influenza  bacilli,  in  part  to  the 
poisons  which  they  produce,  and  finally  in  part  to  secondary  infections. 
The  influenza-bacilli  are  very  small,  thin  staves  with  rounded  ends 
(Fig.  420),  which  lie  separate  or  joined  in  twos,  and  may  be  stained 
with  the  usual  aniline  dyes,  but  not  by  Gram's  method.  They  may  be 
cultivated  at  body-temperature  upon  blood-agar  or  on  agar  that  is 
smeared  with  human  or  pigeon's  blood,  and  they  form  small,  dro^J-like 
colonies  as  clear  as  water.     They  do  not  grow,  on  the  contrary,  upon 
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Fig.  430.  —  Influenza  bacilli 
from  the  sputum,  together  with 
pus  corpuscles.  (Fuchsin.) 
Magnified  1,000  diameters. 


the  other  usual  media.     Spore-formation  is  not  observed.     In  apes  a 
catarrhal  inflammation  of  the  respiratory  passages  can  be  produced  by 
intratracheal  injection  of  pure  cultures.     Eabbits  may  be  poisoned  by 
inoculation    of   cultures,   and   they  acquire,   in 
consequence  of  the  poisoning,  a  paralytic  weak- 
ness of  the  muscles  and  dyspnoea.     According  to 
Cantani  the  poison  produced  by  the  influenza- 
bacilli  exerts  its  effect  chiefly  upon  the  central 
nervous  system. 

§  173.  The  bacillus  diphtheriae  (Fig.  421) 
is  a  bacillus,  first  accurately  studied  by  Löfller, 
which  is  found  in  the  croupous  membrane  that 
occurs  in  diphtheria,  and  is  very  probably  the 
cause  of  diphtheria.  In  the  internal  organs, 
such  as  the  spleen  and  lymph-glands,  the  ba- 
cilli are  either  entirely  absent  or  they  are  present  in  such  small  numbers 
that  they  can  be  detected  only  by  methods  of  cultivation. 

The  bacilli  are  from  1.5  to  3  /^-  in  length,  and  are  often  somewhat  swollen 
at  the  ends.  In  cultures  rods  of  various  lengths  are  formed,  the  ends  of 
which  are  thickened  like  clubs  or  pointed  (Fig.  421).  Stained  bacilli 
appear  spotted  or  granular.  The  best  solution  to  use  for  staining  is  one 
composed  of  30  c.c.  of  concentrated  alcoholic  solution  of  methylene  blue 
and  100  c.c.  of  0.0001-per-cent  solution  of  potassium  hydroxide,  after 
which  the  preparation  is  treated  for  some  seconds  with  0.5  per  cent 
acetic  acid,  and  then  with  alcohol.  In  stained  preparations  the  bacilli 
are  often  segmented.  They  also  stain  by  Gram's  method,  provided  the 
treatment  with  iodine  solution  and  alcohol  is  done  quickly. 

The  diphtheria  bacilli  grow  best  in  the  presence  of  air  (Löfller)  on 
a  mixture  of  three  parts  of  calf's  or  sheep's  serum  and  one  part  of  neutral- 
ized veal  bouillon,  to  which  one  per  cent  of  peptone,  one  per  cent  of  grape 
sugar,  and  0.5  per  cent  of  common  salt  are  added;  or  on  blood-serum 
and  on  agar-agar  with  an  addition  of  ten  per  cent  of  glycerin  or  of 
nutrient  bouillon  containing  sugar  (Kolisko,  Pal  tauf,  Kitasato).  They 
form  grayish-white  colonies.  For  their  development  they  require  a 
temperature  above  20°  C. ,  and  grow  best  at  from  33°  to  37°  C.  The  bacilli 
are  resistant  to  drying,  but  they  are  soon  destroyed 
by  moist  heat.  Spore-formation  has  not  been 
observed. 

Guinea-pigs  iywculated  subcutaneously  with  cul- 
tures of  the  bacilli  (Löfller,  Eoux,  Yersin)  die  in 
two  or  three  days.  At  the  point  of  inoculation 
there  is  found  a  whitish  deposit  and  hemorrhagic 
oedema.  The  point  of  inoculation  contains  bacilli ; 
the  internal  organs,  on  the  contrary,  are  free.  In 
rabbits,  chickens,  and  pigeons,  the  introduction  of 
cultures  into  the  trachea  through  a  ivound  is  followed 
by  the  formation  of  a  pseudo-membrane.  Inocula- 
tions of  the  conjunctiva  in  rabbits  and  of  the  vagina 
in  guinea-pigs  are  also  followed  by  inflammation 
by  the  formation  of  a  false  membrane.     Sheep,  horses,  cats,  dogs, 
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FIG.  431.— Diphtheria  ba- 
cilli from  a  pure  culture. 
Smear  preparation .  (Methy- 
lene blue.)  Magnified  1,0(30 
diameters. 


and 


cows,  rabbits,  and  pigeons  are  susceptible  to  subcutaneous  inoculation. 
Kats  and  white  mice  are  nearly  immune. 

Eoux,   Yersin,   Löfller,   Spronck,   and   others   observed   subsequent 
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paralysis  in  pigeons  and  guinea-pigs  tliat  had  survived  inoculation. 
Roux  and  Yersin  assert  that  intravenous  injection  of  ültered  cultures — 
i.e.,  bouillon-cultures  containing  no  bacilli— causes  in  guiuea-pigs  and 
rabbits  a  severe  illness  characterized  by  paralysis,  and  fatal  conse- 
quences in  two  or  three  days. 

The  virulence  of  the  cultures  varies  greatly.  The  diphtheria  bacilli 
produce,  both  in  the  human  bod^'  and  in  cultures,  toxins  which  are 
precipitable  with  alcohol  and  are  obtained  as  a  whitish  powder.  This 
poison  has  been  classed  among  the  toxalbumins;  however,  according  to 
Brieger  and  Boer,  it  is  not  an  albuminous  body,  and  is  formed  also 
when  the  bacilli  are  grown  in  alkaline  urine  (Guinochet).  According 
to  Kossel  the  poison  is  formed  in  the  interior  of  the  bacterial  cells  from 
the  nutrient  material,  and  is  then  secreted. 

The  poison,  injected  subcutaneously  in  watery  solution  into  animals, 
causes  local  tissue-necrosis,  hemorrhagic  oedema,  and  inflammation; 
taken  up  by  the  body  fluids,  it  produces  exudates  in  the  pleura,  nephritis, 
fatty  degeneration  of  the  liver,  and  paralyses. 

Diphtheria  in  man  is  characterized  by  an  inflammation  extending 
mostly  over  the  mucous  membrane  of  the  throat,  palate,  palatal  arches, 
and  the  upper  respiratory  passages.  It  appears  as  a  febrile  infeciious 
disease  combined  with  symptoms  of  intoxication ,  and  gives  rise  locally  to 
croupous  exudates,  partly  also  to  diphtheritic  desquamation  (cf.  ij  96, 
Fig.  178  and  Fig.  179) .  The  croupous  membranes  constitute  the  most 
striking  feature.  They  are  spread  over  the  throat  and  the  nose  usually 
in  limited  flat  patches,  more  rarely  uniformly  over  larger  areas,  or  they 
may  form  a  continuous  lining  upon  the  larynx  and  air-passages.  Un- 
derneath the  croupous  membrane  the  epithelium  is  mostly  lost,  the  con- 
nective tissue  of  the  mucous  membrane  hyperaemic,  infiltrated,  and 
swollen  (Fig.  180).  In  severe  cases  the  superficial  layer  of  connective 
tissue  is  necrotic  in  places,  most  frequently  on  the  tonsils,  w^hich  are 
more  or  less  swollen,  often  to  a  very  marked  degree.  Deeper  down  in 
the  tissues,  the  lymph-glands,  especialh'  those  in  the  neck  in  near 
proximity,  are  swollen,  and  often  show,  on  microscopic  examination, 
small  foci  in  which  the  cells  are  necrotic  and  disintegrated.  Of  the  in- 
ternal organs  the  kidneys  esi^ecially  are  usually  changed,  in  that  there 
is  a  more  or  less  high  degree  of  fatty  degeneration  in  the  epithelium  and 
capillary  walls,  not  infrequently  also  an  oedematous  swelling  and  foci 
of  small-cell  infiltration.  In  the  spleen,  in  the  interior  of  the  white- 
looking  follicles,  areas  of  degeneration  are  often  found,  in  which  a  larger 
or  smaller  number  of  the  cells  are  necrotic,  some  of  them  being  already 
in  a  disorganized  state  and  having  no  nuclei.  In  the  blood  mam-  leuco- 
cytes show  fatty  degeneration.  Degenerative  changes  and  areas  of  in- 
flammation are  not  infrequently  found  in  the  heart  muscle,  and  in  the 
intestine  there  is  tumefaction  of  the  follicular  apparatus. 

The  lungs  are  not  notably  changed  by  the  diphtheria  poison;  still 
bronchopneumonias  often  occur  which  are  due  to  inhalation  of  the  irri- 
tating contents  of  the  bronchi,  or  to  an  extension  of  the  bronchial  in- 
flammation upon  the  respiratory  parenchyma. 

The  local  inflammations  of  the  mucous  membranes  as  well  as  the  symp- 
toms of  intoxication  can  be  caused  only  by  the  dij^htheria  bacilli  and  their 
toxins,  but  it  is  to  be  remembered  that  streptococci  also  are  with  great 
regularity  found  in  the  diseased  areas,  and  that  a  j^ure  strep)tococcus  in- 
fection may  also  call  forth  the  clinical  and  anatomical  picture  of  "  diph- 
theria."    If  both  species  of  bacteria  are  present,  then  the  harmful  action 
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of  the  one  is  supported  by  that  of  the  other,  and  it  appears  that  the  pres- 
ence of  the  streptococci  increases  the  virulence  of  the  diphtheria  bacilli. 
In  severe  forms  of  diphtheria,  streptococci  are  usuallj^  present  in  great 
numbers;  yet  every  streptococcus  infection  does  not  warrant  a  bad  prog- 
nosis, for  the  virulence  of  the  cocci  also  varies  considerably. 

In  the  course  of  the  infection  due  to  the  diphtheria  bacilli,  antitoxins 
arise  in  the  body  which  nullify  the  poisonous  action  of  the  toxins ;  they 
aid  and  make  possible  recovery  from  the  disease.  This  formation  of 
antitoxins  also  follows  the  inoculation  of  animals  with  attenuated  bacilli, 
and  on  this  depends  the  possibility  of  obtaining  from  animals  (sheep, 
horses),  which  are  repeatedly  inoculated  with  bacilli  of  increasing 
virulence,  a  serum  which  contains  an  antitoxin  valuable  for  therapeutic 
purposes  (comp.  §  30). 

Lehmann  and  Neumann  call  the  diphtheria  bacillus  coryne  hacterium  on  account  of 
the  club-like*  shape  of  the  rods.  Inasmuch  as  the  bacillus  can  also  form  branched 
threads  in  cultui-es,  they  count  it  among  the  hyphomycetes,  among  which  the  tubercle 
bacillus  and  the  actinomyces-fungus  (Oospora)  are  also  classified  by  them  and  by  others. 

According  to  Löffler,  von  Hoffmann,  Roux,  Yersin,  Babes,  and  others,  bacilli  des- 
ignated as  pseudodiphtheria-bacilli  occur  very  often  in  the  mouth  and  throat,  which  look 
like  the  diphtheria-bacilli  and  even  in  cultures  can  only  with  difficulty  be  distinguished 
from  these.  Since  the  diphtheria-bacilli  may  lose  their  virulence,  it  is  not  improbable 
(Roux,  Yersin)  that  the  two  bacilli  are  varieties  of  one  kind. 

§  174.  The  bacillus  tetani  (Kitasato)  is  a  fine,  slender  bacillus  (Fig. 
422)  which  is  widely  distributed  throughout  the  superficial  layers  of  the 
earth,  and  is  to  be  regarded  as  the  cause  of  tetanus.  According  to  ob- 
servations of  Nicolaier  made  in  1885,  it  is  often  possible,  in  mice, 
guinea-pigs,  and  rabbits,  by  a  subcutaneous  inocula- 
tion of  earth  taken  from  the  superficial  layers,  to  ob- 
tain typical  tetanus  with  fatal  termination. 

The  demonstration  was  first  made  by  Kosenbach 
in  the  year  1886  that  the  bacilli  found  in  traumatic 
tetanus  and  those  found  in  tetanus  due  to  frost-bite 
in  human  beings,  in  the  region  of  the  seat  of  injury, 
were  one  and  the  same,  and  that  when  inoculated  fig.  422.— Tetanus  ba- 
into  guinea-pigs  and  mice  they  cause  genuine  tetanus,  mation^^  The ^ spore ^S 
Since  then  this  discovery  has  been  often  corroborated,  located* at  one  poie. 
The  bacillus  is  present  neither  in  the  soil  nor  in 
the  infected  wound  in  an  isolated  condition,  and  consequently  inocula- 
tions have  been  made  with  mixtures  of  bacteria.  The  effort  to  isolate 
in  cultures  the  bacillus  that  was  regarded  as  the  cause  of  tetanus  was 
unsuccessfully  made  by  most  investigators.  Kitasato  in  1889,  in  Koch's 
laboratory,  succeeded  in  isolating  the  tetanus- bacillus  by  allowing  the 
mixed  cultures  to  remain  in  the  incubator  a  few  days  and  heating  for,  a 
half-hour  or  an  hour  at  80°  C,  and  then  subsequently  making  plate-cul- 
tures in  an  atmosphere  of  hydrogen.  The  bacteria  growing  along  with 
the  tetanus-bacillus  are  killed  by  the  heating,  while  the  tetanus-bacillus 
is  preserved. 

The  tetanus-bacillus  is  anaerobic  and  grows  very  well  in  an  atmos- 
phere of  hydrogen,  but  not  in  carbonic-acid  gas.  It  grows  in  ordinary 
slightly  alkaline  agar-agar  containing  peptone,  and  in  blood-serum  and 
nutrient  gelatin.  It  liquefies  the  latter  with  the  production  of  gas. 
Addition  of  from  1.5  to  2  per  cent  grape-sugar  accelerates  the  growth. 
The  most  favorable  temperature  is  between  36°  and  38°  C.  It  forms  long, 
thin,  bristle-like  staves  that  produce  spores  on  one  end  (Fig.  422)  which 
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cause  a  swelling  of  the  end  of  the  staff,  giving  rise  to  the  name  knobbed 
bacilli.  It  may  grow  out  in  cultures  into  long  x^seudothreads.  The 
cultures  give  out  an  offensive  odor;  gelatin  is  slowly  liquefied.  The 
bacilli  stain  by  Gram's  method.  They  are  motile  except  at  the  period 
of  spore-formation,  and  they  possess  peritrichal  flagella.  Pure  cultures 
inoculated  into  horses,  asses,  guinea-i:)igs,  mice,  rats,  and  rabbits  cause 
tetanus ;  but  rabbits  must  be  inoculated  with  somewhat  larger  amounts. 
The  tetanic  contractures  start  first  in  the  neighborhood  of  the  jjoint  of 
inoculation.  Suppuration  does  not  occur  at  the  point  of  inoculation. 
The  bacilli  are  not  to  be  found  after  the  animal  is  dead,  and  are  never 
found  except  at  the  seat  of  inoculation. 

According  to  the  experimental  investigations  of  Kitasato,  the  filtrate 
which  is  obtained  from  bouillon-cultures  of  the  bacilli,  but  which  con- 
tains no  bacilli,  acts  in  the  same  wa}'  as  the  cultures  containing  the 
bacilli,  and  guinea-pigs  especially  are  very  sensitive  to  it.  The  blood 
or  transudate  from  the  thoracic  cavity  of  an  animal  infected  with  teta- 
nus, although  free  from  bacilli,  causes  tetanus  Avhen  inoculated  into 
mice.  It  is  consequently  to  be  assumed  that  in  tetanus  it  is  a  matter  of 
intoxication  with  a  poison  (tetanotoxin)  that  is  distributed  throughout 
the  blood.  The  poison  is  destroyed  b}^  heat  (Kitasato) — a  temperature 
of  65°  C.  and  over — in  a  few  minutes,  and  by  direct  sunlight  in  from 
fifteen  to  eighteen  hours,  and  loses  its  effects  in  diffuse  daylight  in  a 
few  weeks.  According  to  investigations  of  Brieger  and  Colin,  the  puri- 
fied poison  gives  no  reaction  for  albumin,  and  consequently  does  not 
belong  to  the  toxalbumins. 

The  infection,  i.e.,  the  intoxication,  of  man  results  in  most  cases 
from  small  wounds.  Eheumatic  tetanus,  which  does  not  start  from 
wounds,  may  apparently  arise  from  a  multiplication  of  the  bacilli  in  the 
bronchi  (Carbone  and  Perrero).  It  follows  from  this  that  there  are  also 
tetanus  bacilli  which  grow  in  the  presence  of  oxygen.  The  tetanus- 
toxin  acts  principally  upon  the  nervous  system. 

The  bacillus  oedematis  maligni  {vihrion  septique  of  Pasteur)  is  an 
anaerobic  bacillus  which  was  first  thoroughly  investigated  by  E.  Koch. 
It  is  found  in  various  putrefying  substances,  and  the  spores  almost 
never  fail  to  be  present  in  earth  that  is  manured  with  foul  liquids  or 
liquid  manure.  The  bacilli  are  from  3  to  3.5  /->■  long  and  from  1  to  1.1  /^ 
broad,  and  often  form  long  pseudothreads.  They  are  similar  to  the  an- 
thrax-bacilli, but  are  somewhat  more  slender  and  rounded  on  the  ends, 
not  sharply  cut  across,  and  are  occasionally  motile.  In  spore-formation 
a  swelling  develops  from  one  part  of  the  rod,  as  in  bacillus  hidyriciis, 
so  that  spindle-shaped  and  tadpole-shaped  forms  result. 

The  bacillus  is  motile  and  possesses  flagella  on  the  ends  as  well  as 
on  the  sides.     It  is  not  stained  by  Gram's  method. 

It  grows  in  nutrient  gelatin  as  well  as  in  agar-agar  and  coagulated 
blood-serum,  but  it  must  be  introduced  deep  down  and  cut  off  from  the 
air.  Nutrient  gelatin  with  the  addition  of  one  or  two  per  cent  of  grape- 
sugar  is  a  specially  favorable  medium  (Flügge) .  Nutrient  gelatin  and 
blood-serum  are  liquefied,  the  latter  with  the  production  of  gas. 

The  baciUus  can  be  readily  obtained  by  sewing  up  garden-earth  un- 
der the  skin  of  a  guinea-pig  and  by  taking  care  that  the  air  does  not  find 
access  to  the  point  of  inoculation.  The  subsequent  multiplication  of 
the  bacilli  causes  a  progressive  oedematous  swelling  of  the  subcutaneous 
tissue.  At  a  more  advanced  stage  the  bacilli  spread  over  the  serous 
membranes,  and  into  the  spleen  and  other  organs. 
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Mice,  guinea-pigs,  horses,  sheep,  and  swine  are  susceptible  to  the 
bacilli;  cattle  are  not  (Arloing,  Chauveau). 

According  to  the  observations  of  Brieger,  Ehrlich,  Chauveau,  Arloing, 
and  others,  the  oedema-bacilli  also  occasionally  develop  in  the  tissues  of 
human  beings,  especially  when  the  tissues  are  poorly  nourished  and  the 
bacilli  by  any  accident— e.g.,  by  puncture  of  a  hypodermic  syringe — 
get  into  the  depth  of  the  tissues.  They  lead  to  a  gangrenous  process 
which  is  combined  with  bloody  oedema  and  the  development  of  gas. 

According  to  Vaillard  and  -Vincent,  tetanus  does  not  follow  inoculation  of  tetanus- 
bacilii  deprived  of  poison.  Consequently  it  must  be  assumed  that  the  bacilli  can  only 
multiply  in  the  tissues  of  man  and  animals  and  lead  to  poisoning  when  special  condi- 
tions are  present,  when  the  tetanus  poison  itself  is  also  present  at  the  same  time,  or  when 
other  bacteria,  such  as  bacillus  prodigiosus,  get  into  the  tissues.  Blumenthal  believes 
that  the  bacilli  excrete  a  ferment  which  produces,  within  the  organism,  the  tetanus 
poison. 

According  to  investigations  of  Kitasato,  Tizzoni,  Cattani,  Baquis,  Behring,  and 
others,  susceptible  animals  may  be  made  immune  from  tetanus,  or,  more  properly  speak- 
ing, poison-proof  against  the  poison  of  tetanus.  The  blood  of  animals  that  have  been 
rendered  poison-proof  possesses  the  property  of  destroying  the  poison  of  tetanus,  and 
consequently  it  is  possible  to  immunize  susceptible  animals  with  the  curative  serum  ob- 
tained from  this  blood,  or  to  cure  tetanus  that  has  already  broken  out  in  man  or  ani- 
mals (cf.  §  80). 

As  regards  the  ttlcteria  of  hemorrhagic  infection,  compare  §  46. 

§  175.  The  bacillus  of  the  bubonic  plague  was  discovered  in  1894 
by  Kitasato  and  Yersin,  of  the  Japanese  and  French  commission  of  in- 
vestigation, while  investigating  an  epidemic  which  had  broken  out  in 
Hong-Kong.  The  plague  bacillus  is  a  small  rod,  rounded  on  the  ends 
(like  the  bacillus  of  fowl-cholera),  which  stains  easily  with  the  basic 
aniline  dyes,  especially  with  methylene  blue,  and  shows  exquisite  polar 
staining.  It  is  decolorized  by  Gram's  method.  According  to  Zettnow 
the  bacilli  possess  capsules.  It  is  found  in  all  those  affected  with  the 
plague,  especially  in  the  swollen  lymph-glands,  but  also  in  the  spleen 
and  in  the  blood.  It  can  be  cultivated  on  the  various  artificial  media, 
and  forms  bluish-gray  colonies,  which  contain  rods  of  various  lengths. 
It  multiplies  abundantly  in  bouillon  containing  sugar.  Spores  are  not 
formed.  The  bacilli  are  easily  destroyed  by  heating,  but  can  withstand 
drying  well. 

Mice,  rats,  and  pigs  are  especially  susceptible  to  plague  inoculation, 
and  frogs  also  are  said  to  be  susceptible  (Dewel).  Inoculation  of  viru- 
lent cultures  causes  death  in  a  few  days,  and  the  bacilli  are  then  found 
in  the  blood  as  weli  as  in  the  oedematous  fluid  at  the  point  of  inocula- 
tion. When  less  virulent  cultures  are  inoculated,  glandular  swellings 
develop  after  a  few  days  (KoUe),  and  the  animals  die  only  at  the  settinj^ 
in  of  severe  swelling  of  the  glands  in  the  second  week.  The  bacilli  are 
found  in  the  swollen  lymph-glands  and  in  the  blood. 

The  bubonic  plague,  which  in  Europe  at  the  end  of  the  seventeenth 
and  the  beginning  of  the  eighteenth  century  still  carried  off  the  popu- 
lation in  vast  numbers  (the  "Black  Death"),  has  since  1720  almost  en- 
tirely disappeared  from  Europe,  and  has  shown  itself  only  here  and 
there  in  Eastern  Europe.  In  different  districts  of  Asia  (Yunnan  in 
China,  Arabia,  Mesopotamia)  the  disease  seems  to  be  endemic,  and  to 
spread  from  time  to  time  like  the  cholera. 

Man  seems  to  be  infected  principally  through  small  wounds  (Kita- 
sato, Aoyama,  Yersin) ,  yet  an  infection  by  means  of  inhaled  air  cannot 
be  ruled  oat.     Eats  and  mice  contribute  essentially  to  the  spreading  of 
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epidemics.  Insects  that  have  come  in  contact  with  sick  animals  or  men 
can  likewise  spread  the  infection.  Marked  glandular  swellings,  which 
may  go  on  to  suppuration,  are  the  chief  symptom  of  the  disease,  which 
generally  ends  in  death.  Besides  these  appear  enlargement  of  the 
spleen,  degenerative  changes  in  the  glandular  abdominal  organs,  and 
hemorrhages.  In  the  later  stages  of  the  disease  the  enlarged  and  sup- 
purating lymph-glands  may  also  contain  streptococci  beside  the  plague 
bacilli.     Secondary  infections  also  occur. 

Experiments  carried  on  by  Haffkine  ^ake  it  appear  probable  that 
successful  i^rotective  inoculations  may  be  undertaken  with  killed  cul- 
tures of  the  plague  bacilli.  Yersin  states  that  an  active  curative  serum 
for  the  treatment  of  those  infected  may  be  obtained  from  immunized 
animals. 

From  the  investigations  of  Ducrey,  Krefting  and  Petersen  (comp.  Petersen :  "  Ulcus 
Molle,"  Arch.f.  Derm.,  XXIX.,  1894,  and  XXX.,  1895),  it  seems  probable tliat  the  ulcus 
molle,  or  soft  chancre,  is  caused  by  a  bacillus.  This  view  is,  however,  combated  by 
competent  authors  (Finger  :  "  Die  Syphilis  und  die  venerischen  Krankheiten,"  Leipsic, 
1896),  and  the  doctrine  is  advocated  that  the  soft  chancre  does  not  possess  a  specific 
virus.  It  is  to  be  noted  also  that  attempts  to  cultivate  the  bacilli  of  chancre  have  not 
so  far  been  successful. 

According  to  communications  from  Sanarelli  ("Sur  la  Fiövre  jaune,"  Ann.  de  Vlnst. 
Pasteur,  1897,  and  Centralbl.  f.  Bact.,  XXII.),  which  have  but  recently  appeared,  yellow 
fever  seems  to  be  caused  by  a  bacillus  which  can  be  cultivated.  Its  isolation  is  often 
difficult,  by  reason  of  complicating  secondary  infections  with  bacterium  coli,  strepto- 
cocci, etc. 

§  176.  The  bacillus  tuberculosis  is  the  cause  of  the  infectious  dis- 
ease which  is  very  frequent  as  well  in  man  as  in  the  domestic  mammalia, 
and  which  is  usually  called  tuberculosis,  but  is  also  sometimes  called 
Fearl  disease  {Peiisucht)  in  animals. 

The  tubercle-bacilli,  discovered  and  thoroughh^  investigated  bj^  Koch 
in  the  year  1882,  form  narrow  staves  (Fig.  423),  from  1.5  to  3.5  ß  in  length, 
that  are  often  slightly  curved.  Aniline  dyes  (fuchsin  or  gentian  violet), 
in  aqueous  solution  with  the  addition  of  an  alkali  or  carbolic  acid  or 
aniline,  are  suitable  for  staining  them.  The  bacilli  once  stained  retain 
the  dye  even  when  the  preparation  is  decolorized  with  dilute  sulphuric 
or  nitric  acid,  or  with  hydrochloric  acid  and  alcohol. 

The  stained  bacilli  show  not  infrequently  in  their  interior  clear, 
glistening,  unstained  places,  or  are  composed  of  little  stained  globules. 
Koch  interpreted  these  clear  portions  formerly  as  spores,  and  this  view 
was  generally  accepted  for  a  long  time.  But,  nevertheless,  a  germina- 
tion of  these  structures  cannot  be  proved,  and  at  present  the  objects  in 
question  are  no  longer  regarded  as  spores.  Consequently  the  tubercle- 
bacilli  produce  no  special  resistant  forms,  but  still  the  bacilli  are  more 
resistant  against  external  influences — e.g.,  against  drying — than  are 
many  other  bacteria. 

The  tubercle-bacilli  may  be  cultivated  at  the  body -temperature  and 
in  the  presence  of  oxygen  upon  solidified  blood-serum,  upon  blood-serum 
gelatin,  upon  nutrient  agar,  and  in  bouillon;  they  multiply,  however, 
very  slowly,  so  that  only  on  the  seventh  to  tenth  day,  or  even  later,  cul- 
tures appear  at  the  point  of  inoculation  in  the  form  of  dull-white  flakes 
resembling  little  scales.  Larger  cultures  form,  on  the  surface  of  solidi- 
fied blood-serum,  white,  irregularly  shaped,  dull  coatings  (Plate  I.,  Fig. 
4) .  According  to  Nocard,  Koux,  and  Bischoff,  the  growth  of  the  bacilli 
is  greatly  aided  by  the  addition  of  from  four  to  eight  per  cent  of  glyc- 
erin.    Pawlowsky  succeeded  in  cultivating  them  on  potatoes  in  sealed 
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glass  tubes.  In  cultures  the  tubercle  bacilli  also  produce  threads, 
which  in  some  cases  split  into  two  branches. 

At  temperatures  below  28°  C.  and  above  42°  C.  the  growth  of  the 
bacilli  ceases.      Sunlight  kills  the  ba-      ,^     .  ,, 

cilli  in  a  short  time  (Koch). 

If  the  bacilli  from  pure  cultures  are 
inoculated  into  experimental  animals, 
tuberculosis  is  produced  in  these;  and 
the  infection  succeeds  as  well  by  inocu- 
lation under  the  skin  or  in  the  abdominal 
cavity  or  in  the  anterior  chamber  of  the 
eye  as  by  inhalation  of  an  atomized  sus- 
pension of  the  culture  and  by  injection 
of  the  bacilli  into  the  veins.  Guinea-pigs 
and  cats  are  specially  susceptible ;  dogs, 
rats,  and  white  mice,  on  the  contrary, 
are  less  so. 

The  infection  of  human  beings 
and  of  animals  occurs  from  the  taking 

up  of  the  tubercle-bacilli  from  the  lung  or  intestinal  tract,  or  from 
wounds  and  ulcerations.  In  the  alimentary  canal  the  commonest  points 
of  entrance  for  the  bacilli  are  the  lymphadenoid  apparatuses,  the 
tonsils,  and  the  intestinal  lymph-follicles.  Moreover,  a  direct  transfer 
of  the  bacilli  from  the  mother  to  the  foetus  developing  in  the  uterus  also 
takes  place. 

In  the  external  world  the  bacilli  are  spread  mainly  by  the  sputa, 
under  certain  conditions  also  by  the  faeces  and  by  the  urine;  further- 
more, they  emanate  from  tuberculous  ulcers  of  the  skin  or  tuberculous 
organs  taken  from  living  or  dead  persons.  Since  the  bacilli  are  tolerably 
resistant,  they  may  remain  preserved  here,  under  certain  conditions,  for 
a  long  time,  and  can  become  mixed  with  the  respired  air  as  well  as  with 


Fig.  423.  —  Tubercle-bacilli.  Sputum  ol^ 
a  man  suffering  from  tuberculosis  of  the 
lung,  spread  in  a  thin  layer  on  a  cover-glass 
and  stained  with  fuchsin  and  methylene 
blue.    Magnified  400  diameters. 
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Pig.  424.— Tissue  changes  produced  by  a  recent  invasion  of  the  tubercle-bacilli.  (Diagrammatic,  altei 
Baumgarten.)  a.  Hyperplastic  connective  tissue ;  h,  cross-section  of  a  blood-vessel ;  c,  karyomitoses  in  the 
connective  tissue ;  d,  mitoses  of  an  endothelial  cell  of  a  vessel ;  e,  emigrated  leucocytes.  Magnified  350 
diameters. 

Fig.  425.— a  giant  cell  containing  bacilli  with  necrotic  centre,  from  a  tubercle.  Preparation  stained 
with  gentian  violet  and  vesuvin,  and  mounted  in  Canada  balsam.    Magnified  350  diameters. 


the  food  and  drink.  The  milk  of  tuberculous  cows  contains  the  bacilli, 
especially  when  the  udder  is  diseased;  it  seems,  however,  that  the 
bacilli  may  also  pass  over  to  the  milk  when  the  udder  is  not  demon- 
strably diseased  (Hirschberg,  Ernst,  Leuch). 
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If  the  bacilli  succeed  in  developing  and  multiplying  in  amy  tissue  of 
the  human  body,  they  lead  by  a  series  of  changes  to  the  formation  of 
nodular  masses  of  granuldtion  tissue  or  tubercles,  which  remain  devoid 
of  blood-vessels,  and  which,  when  they  have  arrived  at  a  certain  stage  of 
development,  die  out  again. 

The  first  effect  of  the  development  of  the  bacilli  in  a  tissue  (Fig.  424) 
may  be  a  hyperplasia  of  the  fixed  cells  of  the  tissue,  which  begins  with 
karyomitosis  (c,  d)  and  leads  to  the  formation  of  epithelial-like  proto- 
plasmic cells  (fibroblasts),  which  are  usually  designated  as  epithelioid 
cells  (a).  By  reason  of  the  fact  that  the  process  of  cell-division  repeats 
itself  many  times,  there  are  produced  collections  of  epithelioid  cells  (a) 
which  form  knot-like  foci  at  the  point  where  the  bacilli  multiply,  and  in 
these  foci  the  bacilli  lie,  some  of  them  between  the  cells,  others  in  the 
cells  themselves  (Fig.  424). 

By  the  hyperplastic  development  of  cells  the  connective-tissue  stroma 
of  the  original  tissue  is  pushed  more  and  more  to  one  side,  and  even  to 


Fig.  426.— Tubercle  frum  a  fungous  granuiauon  of  bone,    a,  Giani  ceiis  ;  o,  epithelioid  cells ;  c,  lymphoid 
cells.    (Müller's  fluid ;  Bismarck  brown.)    Magnified  400  diameters. 

some  extent  obliterated,  so  that  the  individual  cells  come  finally  to  be 
separated  from  one  another  only  by  scanty  fibres  whose  general  arrange- 
ment is  in  the  form  of  a  net,  which  is  consequently  spoken  of  as  the 
reticulum  of  the  tubercle. 

These  exuberantly  growing  cells  have  for  tlie  most  part  one  or  two 
nuclei  (Fig.  424,  a,  and  Fig.  426,  b) ;  but  usually  cells  containing  several 
or  many  nuclei  (giant  cells)  also  appear  (Fig.  425,  Fig.  426,  a)  and  these 
often  inclose  a  very  considerable  number  of  large,  oval,  vesicular  nuclei, 
,as  well  as  bacilli  (Fig.  425).  The  nuclei  of  the  giant-cells  are  nearly 
always  distributed  in  the  protoplasm  in  an  irregular  manner,  sometimes 
grouped  in  the  form  of  a  wreath  or  horseshoe,  sometimes  massed  to- 
gether at  one  pole,  sometimes  at  two  or  more  points  (Figs.  425  to  429). 
The  nucleus-free  jjart  of  the  giant-cells,  when  they  are  properly  stained, 
permits  us  to  recognize  conditions  of  degeneration  and  necrosis  of  the 
protoplasm  which  are  brought  about  bv  the  action  of  the  bacilli  i)resent 
in  the  giant-cells  (Fig.  425  and  Fig.  429,  c). 


THE   BACILLUS    TUBERCULOSIS. 


487 


New  vessels  are  not  formed  within  tlie  tubercles,  and  even  the  old 
vessels  are  obliterated  by  the  hyperplasia. 

To  the  hyperi)lasia  already  described  is  added,  sooner  or  later,  an 


Fig.  42T.— Tuberculosis  of  the  pleura.    (Alcohol ;  Van  Gleson's  mixture.)    a,  Thickened  and  proliferating 
pleura ;  t»,  tubercle,  with  giant  cells ;  c,  deposit  of  flbrin.    Magnified  200  diameters. 

inflammatory  exudation,  which  is  first  recognized  hj  the  massing  together 
of  the  leucocytes  (Fig.  424,  e,  and  Fig.  426,  c) . 

The  time  at  which  the  emigration  of  the  cells  begins  varies  according 
to  the  mode  of  invasion  of  the  bacilli,  and  probably  also  according  to 


^/J^ 


c—^ 


'i^i^y 


)  ^i 


fs'  .  i     ?   -" 


So^-s.^ 


'^ 


'^^ 

"-'"^^^S^ 


Fig.  428.— Large-cell  tubercle  from  a  tuberculous  lung,  with  some  exudation  of  fibrin.     (Alcohol ;   flbrin 
stain.)    a,  Fibrin ;  7j,  giant  cell ;  c,  tissue  composed  of  large  cells.    Magnified  300  diameters. 

the  character  of  the  infected  tissue.     It  takes  place  earliest  when  the 
tissue  is  at  the  same  time  subjected  to  some  other  pernicious  influence, 
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e.g.,  to  trauma.  If  a  large-celled  nodule  lias  been  formed  by  tlie  exces- 
sive cell-reproduction,  the  emigration  of  cells  leads  first  to  an  accumula- 
tion of  small  round  cells  at  its  periphery 
(Fig.  426,  c,  and  Fig.  427,  b)  and  then 
to  an  infiltration  with  round  cells,  which 
infiltration  may  become  so  marked  that 
the  large  cells  ma^'  be  partly  or  entireh' 
hidden.  In  this  way  a  large-celled  tu- 
bercle becomes  a  small-celled  tubercle. 
If  the  emigration  of  the  cells  takes  place 
very  early,  the  tubercle  assumes  from 
the  start  the  character  of  a  small-celled 
focus;  however,  mononuclear  fibro- 
blasts, or  even  giant-cells  may  generally 
be  made  out  in  the  midst  of  the  focus 
(Fig .^427,  b). 

With  the  emigration  of  the  cells 
there  is  usually  combined  a  serous 
exudation,  and  ßbrin  may  be  deposited 
in  the  tubercle  itself  (Fig.  428,  a)  as 
well  as  in  the  surrounding  tissue. 
The  tubercle,  when  it  has  arrived  at  the  height  of  its  development, 
forms  a  small,  gray,  translucent,  cellulur  vodule  which  may  attain  the 
size  of  a  millet-seed,  and  which  incloses  among  its  tissues  more  or  less 
numerous  bacilli.  When  it  has  reached  a  certain  size  retrograde  changes 
usually  appear  in  the  centre,  in  consequence  of  which  the  tubercle  be- 
comes cloudy  and  opaque,  and  presents  a  whitish,  or  grayish-white,  or 
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Fig.  429.— Tissue  from  a  focus  of  tuber- 
culous disease,  showing  bacilli  and  a  limited 
area  of  cheesy  degeneration.  (Alcohol; 
fuchsin;  aniline  blue.)  o.  Granular  cheesy 
material ;  Oj,  cheesy  material  in  the  form  of 
small,  separate  aggregations;  h,  fibrocellu- 
lar  tissue ;  c,  partly  necrotic  giant  cell  with 
baciUl;  rt,  cellular  tissue  invaded  by  ba- 
cilli ;  e,  a  similar  invasion  in  tissue  that  Is 
necrotic ;  /,  bacilli  Inclosed  in  cells.  Mag- 
nified 200  diameters. 


Fig.  430.— Partly  cheesy  and  partly  fibrous  tubercle  of  the  lungs.  (Alcohol;  Van  Gleson.)  a,  Cheesy 
centre ;  &,  dense,  homogeneous  connective  tissue,  containing  but  few  nuclei ;  c,  connective  tissue  nch  m 
nuclei ;  d,  pulmonary  tissue.    Magnified  80  diameters. 


yellowish-white  color — a  change  which  is  commonly  termed  cheesy  de- 
generation of  the  tubercle. 

The  caseation  of  the  tubercle  depends  partly  upon  a  necrobiosis  of 
the  cells,  partly  upon  a  deposition  of  coagulated  substances  in  the  spaces 
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between  the  cells.  The  cell-necrosis  is  characterized  by  the  death  of 
the  nuclei  and  the  transformation  of  the  cells  into  flake-like  bodies, 
which  later  disintegrate  and  become  granular  (Fig.  429,  a,  «J.  The 
substance  stratified  between  the  cells  is  composed  either  of  fibrin  with 
a  net-like  arrangement  (Fig.  428,  a) ,  or  of  a  granular  or  hyaline  fibri- 
noid substance,  much  resembling  fibrin  and  arranged  in  nets.  This 
substance  does  not  take  the  Weigert  fibrin-stain,  but  it  stains  yellow 
with  Van  Gieson's  stain.  In  the  further  course  of  the  caseous  degenera- 
tion the  fibrin  and  the  fibrinoid  substance  are  reduced  to  a  granular 
mass,  which  fuses  with  the  cell-detritus,  so  that  the  central  part  of  the 
tubercle  is  then  composed  of  a  flake-like  granular  mass,  which  is  only 
feebly  stained  with  nuclear  stains. 

The  caseous  degeneration  always  attacks  first  the  central  parts  of  the 
tubercle,  and  generally  also  remains  limited  to  these,  but  it  may  also 
affect  the  entire  tubercle.  If  the  caseous  degeneration  of  the  periphery 
does  not  occur,  then  the  cellular  character  of  the  tubercle,  after  a  shorter 
or  longer  time,  undergoes  at  the  periphery  a  fibrous  metamorpJiosis,  so 
that  a  fibro=caseous  tubercle  is  formed  (Fig.  430),  the  connective  tissue 
of  which  is  rich  in  cells  and  finely  fibrous,  or  more  coarsely  fibrous,  or 
hyaline  and  poor  in  cells  (b).  Generally,  in  the  course  of  time,  it  be- 
comes sharply  differentiated  from  the  caseous  centre  (a),  so  that  the 
latter  appears  to  be  encapsulated  by  the  connective  tissue.  If  the  tuber- 
culosis runs  a  very  favorable  course,  the  centre  instead  of  caseating  may 
undergo  a  connective-tissue  metamorphosis,  so  that  the  tubercle  becomes 
a  fibrous  nodule. 

The  infectious  nature  of  the  disease  known  as  tuberculosis  had  already  been  deter- 
mined by  the  experimental  transmission  of  tuberculosis  to  animals  (Villemin,  Lebert. 
Wyss,  Cohnheim,  Klebs,  Langhans,  and  others)  before  the  discovery  of  the  tubercle 
bacillus.  However,  it  was  a  long  time  before  the  view  that  tuberculosis  is  an  infectious 
disease  found  general  support,  and  the  opposition  (Middendorp)  has  even  to-day  not 
entirely  disappeared. 

The  manifestations  of  tuberculosis,  the  appearance  of  caseating  gTanulations  in 
connection  with  insignificant  wounds,  were  formerly  attributed  to  the  existence  of  an 
especial  anomaly  of  the  constitution,  upon  which  it  depended  that  infected  individuals 
responded  to  lesions  of  the  tissues  arising  in  one  way  or  another,  not  with  the  produc- 
tion of  sound  tissue,  but  with  the  formation  of  frail,  caseating  granulations.  Among 
animals  used  for  experiment  this  peculiarity  was  ascribed  to  those  animals  which  are 
especially  susceptible  to  tuberculosis,  viz.,  guinea-pigs  and  rabbits;  in  man,  on  the 
other  hand,  this  supposed  constitutional  anomaly  was  designated  as  scrofulosis,  and  it 
was  believed  to  manifest  itself  in  a  tendency  to  inflammations  of  the  skin  and  mucous 
membranes,  to  swellings  of  the  glands,  and  to  joint-  and  bone-diseases.  Such  a  scrofu- 
losis, however,  does  not  exist.  Pathological  conditions  which  were,  and  still  are.  in- 
cluded under  this  name  are  for  the  most  part  manifestations  of  an  already  existing 
tuberculosis  of  the  mucous  membranes,  likewise  of  the  lymph  glands  and  of  the  osseous 
system ;  and  wheu  inflammations  of  the  mucous  membranes  and  the  skin,  which  are  not 
of  a  tuberculous  nature,  recur  frequently,  and  may,  according  to  experience,  in  the 
course  of  time  lead  to  tuberculosis  (through  secondary  infection),  then  it  is  not  a  matter 
of  an  anomaly  of  the  constitution,  but  of  some  otner  infection,  for  example,  with  pus  cocci. 

According  to  investigations  of  Koch,  an  actixe  poison,  .tuberculin,  ca,n  be  extracted 
In  aqueous  glycerin  solutions  from  pure  cultures  of  the  tubercle  baciili.  For  obtaining 
large  amounts  of  tuberculin,  cultures  of  six  or  eight  weeks  old,  in  slightly  alkaline  veal- 
broth  to  which  one  per  cent  of  peptone  and  four  or  five  per  cent  of  glycerin  are  added,  are 
especially  favorable.  The  cultures  are  evaporated  to  about  one-tenth  the  original  volume 
by  warming,  and  then  are  filtered  through  porcelain  or  siliceous-marl  filters.  In  this 
way  tuberculin  is  obtained  fi-ee  of  bacteria,  in  a  mixture  which  contains  from  forty  to  fifty 
per  cent  of  glycerin,  and  thus  is  protected  against  decomposition.  Tuberculin  may  be 
purified  by  suitable  manipulation — i.e.,  precipitation  with  sixty  per  cent  of  alcohol — and 
then  forms  a  white  mass  which  is  very  probably  an  albuminous  body  (Koch),  but  can  be 
ranked  neither  with  the  toxalbumins  nor  with'  the  peptones,  since  it  is  very  resistant  to 
high  temperatures  and  is  precipitated  with  acetate  of  iron. 
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According  to  later  communications  from  Kocli  a  poisonously  acting  substance  may 
also  be  obtained  by  expressing  tlie  contents  of  ground-up  bacilli  (comp.  §  30).  Both 
substances  have  been  tried  for  the  immunization  of  man.  against  tuberculosis,  yet  a 
satisfactory  result  cannot  be  recorded  (comp.  §  30). 

According  to  investigations  of  Prudden,  Hodenpyl,  Kostenitsch,  Yissmann,  Masur, 
and  Kockel,  dead  tubercle-bacilli  convej'ed  into  the  tissues  of  an  animal  by  inoculation, 
or  by  injection  into  the  blood-current,  or  by  introduction  into  the  respiratory  passages, 
produce,  at  the  point  of  introduction,  inflammation  and  new  growth  of  tissue  very 
similar  to  that  produced  by  the  living  bacilli.  When  introduced  in  large  numbers,  the 
dead  bacilli  may  also  produce  suppuration.  The  process,  however,  caused  by  the  dead 
bacilli  differs  from  that  caused  by  the  living  bacilli  in  the  following  respects  -.  the  dead 
bacilli  become  entirely  destroyed  in  a  few  weeks,  and  the  granulating  nodules  heal  up  by 
being  changed  into  fibrous  tissue  ;  furthermore,  the  extent  of  the  local  new  formation  of 
tissue  depends  entirely  upon  the  ntimber  of  bacilli  introduced  ;  and,  finally,  no  extension 
of  the  process  takes  place  in  the  body.  The  dead  bacilli  contain,  therefore,  substances 
(proteins)  which  cause  inflammation  and  later  new  growth  of  tissue. 

Nocard,  Eoux,  ]\Iafucci,  and  C.  Jones  have  observed  that  in  cultm-es  the  tubercle 
hacilli  form  threads  with  brancJiings.  Jones  describes  in  these  threads  besides  vacuoles 
also  strongly  refracting  bodies,  which  he  is  inclined  to  take  fur  spores.  He  further 
found  in  caseous  pulmonary  areas  formations  resembling  the  actinomyces-clubs,  and 
looks  upon  these  as  well  as  upon  the  actinomyces-wedges  as  collections  of  a  vitreous 
substance  on  the  thread-fungi  or  even  on  the  ela.stic  fibres.  He  considers  the  tubercle 
bacillus  as  well  as  the  actinomyces-fungus  as  a  single-celled,  non  septum-forming, 
branching  thread-fungus.  Lehmann,  who  agrees  with  Jones,  places  the  tubercle  bacillus 
among  the  hyphomycetes  and  designates  it  as  rinjcobacteräim. 

§  177.  Tuberculosis  at  its  commencement  is  a  local  disease  that 
oftenest  appears  in  the  hmgs,  the  intestinal  tract,  and  the  skin ;  that  is 
to  sav,  in  places  that  are  accessible  from  without.     But  cnses  of  crypto- 
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Fig.  431.— Lupus  of  the  skin  from  the  region  of  the  knee,  with  atypical  gro^vth  of  epithelium.  (Alcohol ; 
Van  Gieson.)  a,  Corium  converted  into  granulation  tissue  in  which  there  are  scattered  tubercles;  ft, 
epidermis ;  c,  plugs  of  epithelium  which  have  grown  down  into  the  deeper  layers  of  the  tissues ;  d,  tubercles. 
Magnified  50  diameters. 


genetic  infection  are  by  no  means  of  rare  occurrence ;  they  are  character« 
ized  by  pathological  changes  which  are  concealed  from  view,  deep  down 
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in  tlie  parenchyma  of  some  internal  organ;  as,  for  example,   in  the 
lymph-glands,  in  the  epididymides,  in  the  bones  and   joints,  in  the 
brain,  and  in  the  Falloi^ian  tubes.     So  there  remains  no  other  possi- 
bility except   to  assume  that  the 
bacilli  under  certain  circumstances 
get  into  the  body  without  leaving 
behind  a  permanent  change  at  the 
portal  of  entrance;   that  they  de 
velop  first  in  distant   organs    to 
which  they  have  been  conveyed  b 
way   of  the  blood-  or  lymph-cur 
rents,  and  by  their   increase  give 
rise  to  new  formation  of  tissue  and 
to  emigration  of  white  blood-cor- 
puscles. 

The  local  disease  begins  with 
the  formation  of  miliary  tuber= 
cles,  that  is,  cellular  nodules  of  the 
kind  already  described,  which  arise 
in  the  tissue  either  singly  or  in 
great  numbers  simultaneously  (in 
multiple  infection)  or  one  after  the 
other  (in  secondary  dissemination 
of  the  multii^lying  bacilli).  The 
tissue  in  the  neighborhood  of  the 
individual  tubercles,  and  therefore 
also  that  between  the  tubercles, 
show  sometimes  more,  sometimes 
less,  pronounced  appearances  of 
inflammatory  exudation  and  pro- 
liferation, especially  cellular,  by 
which  processes  the  formation  of 
large  granulating  areas  very  fre- 
quently occurs.  In  the  mucous 
membranes  and  in  the  skin  (Fig. 

431,  a)  large  areas  of  the  mucosa 
and  submucosa,  and  of  the  corium 
respectively,  may,  through  the 
presence  of  such  granulations,  un- 
dergo thickenings  of  a  nodular  or 

flatly  spread-out  character.  In  the  serous  membranes  large,  flat,  nodules 
may  develop,  and  in  their  neighborhood  the  serosa  will  be  thickened  and 
covered  with  fibrinous  exudate.  In  the  synovial  membrane  of  the  joints 
and  in  the  burs^e  mucosae  soft  fungous  growths,  the  so-called  fungous 
granulations,  often  develop;  and  in  the  lungs  or  in  the  glandular  organs, 
in  the  periosteum,  and  in  the  bone-marrow,  roundish  gray-red  or  gray 
granulation-areas  of  different  sizes,  etc.,  make  their  appearance.  All 
these  areas  have  one  feature  in  common,  viz.,  that  in  their  neighborhood 
are  found  inflammatory  infiltrations  and  proliferations  of  the  tissue, 
which  assume  the  character  of  granulation  tissue  (Fig.  431,  a;  Fig. 

432,  &);  and  this  granulation  tissue  contains  in  its  substance  character- 
istic formations— tubercles  (Fig.  431,  d,  and  Fig.  432,  <?)— which  are 
non-vascular  cellular  nodules  that  often  contain  giant-cells.  In  gray-red 
looking  tissues,  rich  in  blood,  these  tubercles  may  often  be  recognized 


Fig.  432.  —  Growth  of  tuberculous  granulations 
from  the  synovial  membrane  of  the  knee-joint. 
(Mliller's  fluid;  Bismarck  browm.)  a.  Connective 
tissue ;  h,  granulation  tissue ;  c,  tubercles.  3Iagüi- 
üed  80  diameters. 
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with  the  naked  eye,  as  gray,  or — in  case  they  have  already  undergone 
caseous  degeneration — as  white  or  yellowish-white  nodules. 

The  area  of  tuberculous  granulation  when  once  formed  continues  to 
increase  in  its  further  development  by  appositional  growth,  whereby  the 
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Fig.  433.— Tubeiciiloiis  iiniuialion  of  the  luutjs.    (Ahdli'ii;    ljiematoxyl\n  :   >   ^i         '.  I  )piise  fibrous  tissue; 
/>,  granulation  tissue  ricti  in  cells  ;  c,  giant  cells.    Magnifled  40  diameters. 

same  processes,  which  have  just  been  described,  are  consummated  in 
the  periphery.  The  tissue  altered  by  the  tuberculous  process  ma^^ 
suffer  various  fates.  The  three  principal  terminations,  which,  however, 
are  often  combined  in  manifold  ways,  are  the  following: 

In  a  first  group  of  cases  the  production  of  connective  tissue  comes 
gradually  to  preponderate  in  the  diseased  area,  and  from  this  results  a 
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Fig.  434.— Large  solitary  tubercle  of  the  pia  mater  cerebelli  in  vertical  section,  a.  Cerebellum  ;  7),  dura 
mater  grown  to  the  tubercle ;  c.  laminated  tubercle ;  f/,  gray  peripheral  zone  grown  to  the  dura  mater  and 
beset  M'ith  yellowish-white  nodular  deposits.    Natural  size. 

connective=tissue  induration  of  the  part  affected  (Fig.  433).     The  tis- 
sue thus  developed  is  a  dense  fibrous  connective  tissue  {a) ,  which  for 
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Tears,  liowever,  continues  to  manifest  characteristics  different  from  those 
of  ordinary  scar-tissue.  Thus,  for  example,  it  incloses  more  or  less 
numerous  caseous  foci,  and  in  its  substance  new  foci  of  inflammatory 
activity  are  constantly  developing ;  in  consequence  of  which  the  tissue 
remains  rich  in  cells  (b),  and  here  and  there  also  still  produces  giant-cells 
and  cJiaracteristic  tubercles. 

The  second  termination  is  that  of  firm  caseation  and  of  fibro=ca= 
seous  transformation.  When  this  termination  occurs,  rather  firm  ca- 
seous nodules  are  formed,  as  may  be  observed  especially  in  the  enlarged 
tuberculous  lymph-glands,  in  the  pia  (Fig.  434,  c),  in  the  brain,  in  the 
spleen,  etc.     In  the  lungs  this  change  is  an  almost  constant  accompani- 


FiG.  -435.— Tuberculous  cavern  in  ttie  tibia.  (Alcohol  picric  acid ;  hEematoxylin ;  carmine.)  a.  Perios- 
teum ;  ?),  rarefied  cortex ;  c,  periosteal  bone-deposit ;  d,  fibrous  tissue  on  the  inner  surface  of  the  cortex ; 
e,  granulation  tissue  containing  tubercles ;  /,  sequestrum  with  scanty  bone-scaffolding,  permeated  with 
granulations ;  g,  union  of  the  granulations  with  the  sequestrum  ■  /;,  caxity  that  had  pre\'iously  been  filled 
with  pus  and  caseous  material.    Magnified  i  diameters. 


ment  of  the  tuberculous  indurations,  which  have  caseous  nodules  in 
their  centres. 

In  rare  cases  such  nodules  may  attain  very  considerable  dimensions 
in  the  pia  and  elsewhere,  as  in  the  brain,  on  the  dura,  and  in  different 
glandular  organs  (Fig.  434,  c).  Under  these  circumstances  they  consti- 
tute veritable  tumors. 

The  third  termination  is  that  of  soft  caseation,  disintegration,  and 
liquefaction,  which  lead  to  the  formation  of  cold  abscesses,  and,  after 
their  evacuation,  to  the  formation  of  caverns  or  cavities  and  fistulous 
passages,  and,  when  there  is  a  wide  opening,  to  ulcers. 

Disintegration  and  cavity -format  ion  occur  especially  often  in  the  lungs, 
and  may  there  lead  to  the  formation  of  caverns  as  large  and  even  larger 
than  the  fist.  Then,  too,  they  also  occur  not  infrequently  in  caseating 
lymph  glands,  and  in  cheesy  foci  located  in  the  kidneys,  in  the  brain, 
in  muscle  tissue,  and  in  bone  (Fig.  435).     The  cavities  contain  at  the 
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commencement  the  liquefied  tuberculous  tissue,  in  wliicli  the  remains 
of  the  tissue  originally  present  are  often  to  be  recognized  in  the  form  of 
sequestra  (Fig.  435,  /).  After  the  contents  of  the  cavity  have  been 
evacuated,  its  walls  may  furnish  material  enough  to  fill  it  once  more, 
partly  by  secreting  pus,  partly  by  throwing  off  portions  of  necrotic  tis- 
sue. Hemorrhages  due  to  the  erosion  of  blood-vessels  are  also  not  of 
infrequent  occurrence. 

The  walls  of  the  caverns  and  abscesses  are  generally  lined  with  caseat- 
ing  granulations  (e)  containing  tubercles,  while  the  tissues  lying  outside 
these  walls  are  in  part  indurated,  and  in  part  are  also  the  seat  of  caseous 
foci. 

Ulcers  are  formed  most  often  in  the  mucous  membranes  (Fig.  436,  //) 
and  in  the  skin,  for  here  the  softening  cheesy  masses  break  through  to 
the  exterior  with  the  greatest  frequency.     The  edge  and  floor  of  the 
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Fig,  436.— Tuberculous  ulceration  of  the  intestine,  with  an  eruption  of  tubercles  in  the  neighborhood. 
(Alcohol;  Bismarck  brown.)  a.  Mucosa;  b.  submucosa:  c,  muscularis  interna;  f/,  muscularis  externa;  e. 
serosa ;  /,  solitary  follicle ;  g,  mucosa  infiltrated  with  cells ;  h.  ulcer ;  /(i.  centre  of  softening :  f,  fresh,  fj, 
cheesy  tubercles.    Magnified  30  diametei^. 


ulcers  are  surrounded  by  infiltrated  granulating  inflammatory  tissue, 
which  often  also  contains  tubercles. 

The  local  disease  may,  in  various  stages  of  the  tuberculosis,  go  on 
to  healing,  or  at  least  (and  this  is  the  more  common  event)  come  to  a 
standstill  for  a  long  time.  If  the  bacilli  are  destroyed  at  the  very  be- 
ginning of  the  tuberculosis,  a  healing  is  possible  which  leaves  behind  it 
no  recognizable  scars.  If  healing  and  a  standstill  of  the  disease  occur 
at  some  later  stage,  firm  cicatricial  indurations  (Fig.  433)  are  formed. 
These  indurations,  however,  still  contain  for  the  most  part  caseous  foci, 
less  frequently  small  cavities.  In  the  lungs  of  individuals  who  for  years 
have  shown  no  symptoms  of  tuberculosis,  such  foci  are  to  be  found  com- 
paratively often;  and  in  tuberculosis  of  the  bones  and  joints  the  develop- 
ment of  similar  foci  is  not  unusual,  although  here  they  are  often  com- 
bined with  the  pathological  new  formation  of  bone.  At  the  same  time 
the  cicatrices,  at  least  in  the  majority  of  cases,  still  possess  marks 
characteristic   of  tuberculosis.     Such   are,    for  example,    cheesy   foci, 
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which  may  in  part  have  become  chalky,  exuberant  granulation-tissue, 
tubercles,  and  tubercle  bacilli.  In  these  cases,  therefore,  it  is  a  question 
usually  not  of  a  complete  healing  but  of  a  standstill  of  the  disease. 

During  the  entire  course  of  the  local  disease,  which  by  its  progres- 


FiG.  437.— Commencing  tuberculosis  of  the  lungs  in  a  child  two  years  old.  Horizontal  section  through 
the  right  lung.  (Müller's  fluid;  carmine.)  a,  Cheesy  focus  near  the  anterior  border;  6,  inner  posterior 
border  free  from  tubercles  :  c,  transverse  section  of  a  bronchus  ;  (7,  cU,  cheesy  lymph-glands ;  e,  pulmonary 
vein ;  f,  point  where  the  vein  e  has  become  adherent  to  the  lymph-gland,  di ;  cheesy  degeneration  of  the 
vein- wall  has  also  begun  at  the  same  point ;  g,  tubercles  in  the  lymph-vessels  of  the  pulmonary  parenchyma ; 
h,  periarterial,  i,  peribronchial,  ?c,  perivenous,  ?,  pleural,  tubercles ;  m,  tubercles  of  a  lymph-vessel  lying  in 
the  tissue  of  the  hilus  of  the  lung.    Magnifled  3  diameters. 
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sive  extension  to  the  neighboring  tissues  manifests  a  certain  harmful- 
ness,  there  exists  the  further  clanger  of  the  forination  of  metastases.  The 
intoxication,  which  plays  such  an  important  role  in  many  of  the  infec- 
tious diseases,  and  controls  the  picture  of  the  disease,  is  not  apparent 


41 


Fig.  438.— Eruption  of  tiibcicl 
tubercle  ;  f>,  lymphatic-gland  tissue  ; 
an  area  of  caseation  ;  (/,  laiirc-cellcd  t 


ina  lynipb-pland.     (Alcohol;  htcniatoxylin.)    a.  Tubercles;  a,.  cascatefJ 

;    c,  yiaiit  cell  in  the  centre  of  a  tubercle;    Cj,  giant  cell  on  the  edge  of 

ue  betweeu  the  tubercles;  r,  blood-vessel.     Magnified  150  diameters. 


in  local  tuberculosis,  and  there  may  be  individuals  with  local  skin-, 
lymph-gland-,  or  bone-tuberculosis  who  in  other  respects  are  entirely 
well. 

The  formation  of  metastases  takes  place  primarily  by  way  of  the 
Ij'mph-channels,  and  it  belongs  to  the  picture  of  advancing  tuberculosis 
that,  in  the  neighborhood  of  tuberculous  areas,  tubercles  are  developed 
in  the  lymph-spaces  and  lymph-vessels,  i.e.,  in  their  walls  (Fig.  436,  /, 
and  Fig.  437,  g,  A,  i,  k,  I,  in).  The  lymphogenous  miliary  tuberculosis 
is  limited  in  some  cases  to  the  immediate  neighborhood  of  the  original 
disease,  while  in  other  cases  it  involves  large  regions,  and  may  even — 
in  the  lung,  for  example — spread  from  a  caseous  tuberculous  focus  (Fig. 
437,  a)  over  a  great  part  of  the  pulmonar^^  lymphatic  system  (Fig.  437, 
g,  h,  i,  k,  ?,  m).  These  lymphangitic  tubercles  present  the  appearance 
of  bright  gray  nodules,  often  surrounded  by  a  red  zone,  and  their  struc- 
ture will  be  found  to  be  the  same  as  that  of  the  primary  nodules. 

The  lynTph-glands  may  also  become  involved  verj^  early,  whereupon 
tubercles  are  developed  in  them  (Fig.  438,  a,  «J,  and  these  lead,  by 
successive  crops,  to  a  more  or  less  pronounced  enlargement  and  ulti- 
mately to  caseation  (Fig.  437,  r/,  cQ,  or  to  induration  of  the  lymph- 
glands,  or  to  a  combination  of  both  i^rocesses.  The  thoracic  duct  may 
also  becoiyie  infected  from  the  caseating  and  disintegrating  lymph- 
glands,  and  through  this  channel  the  blood  may  become  infected. 

Quite  frequently  the  formation  of  metastases  takes  place  also  by  way  cf 
the  hlood-channels.  Thus,  for  example,  the  bacilli  may  enter  the  blood 
current  along  with  the  lymph  of  the  thoracic  duct,  in  the  manner  described 
above ;  or  tliey  may,  as  very  often  happens,  force  ci  icay  for  themselves 
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directly  into  the  circulating  blood.  In  tuberculous  tissues  the  bacilli  may 
get  directly  into  the  small  veins,  but  the  arrest  of  the  circulation  and  the 
occlusion  of  the  vessels  interfere  generally  with  their  further  dissemina- 
tion. But  often  eoough  they  enter  the  larger  veins — as,  for  example, 
through  a  cocdescence  of  the  caseating  lymjyh-gJands,  at  the  hilus  of  the  lungs 
(Fig.  437,  dX  '^'itli  neighboring  veins  (e,  /,),  whereby  the  tuberculous  proc- 
ess spreads  directly  to  the  walls  of  the  veins.  But  it  may  also  happen  that 
numerous  veins  in  the  neighborhood  of  tuberculous  areas  become  infected 
with  tubercle  bacilli,  so  that  the  small  veins  of  an  entire  vascular  region 
may  display  well-marked  tuberculous  disease,  i.e.,  they  show  inflam- 
matory granulatiug  hyperplasia  of  the  vessel-walls,  with  the  formation  of 
tubercles  and  subsequent  caseation  (Fig.  339,  b),  and  consequently,  if 
thrombosis  does  not  occur,  large  numbers  of  bacilli  are  likely  to  be 
given  off  from  the  diseased  walls  to  the  blood-stream.  In  rare  cases  even 
arteries,  especially  those  of  the  lung,  may  become  tuberculous  through 
infection  derived  from  their  surroundings,  and  so  may  give  off  bacilli  to 
the  blood-stream. 

The  dispersal  of  the  bacilli  by  means  of  the  circulation  has  as  a  con- 
sequence a  hrematogenous  miliary  tuberculosis,  i.e.,  an  eruption  of  miliary 
tubercles  (Fig.  440,  a)  at  those  places  where  the  bacilli  become  lodged 
and  where  they  multiply.     Just  where  these  places  will  be,  and  how 


Fig.  439.— Tuberculous  disease  of  the  veins  in  the  neighborhood  of  a  retroperitoneal  lymph-gland. 
(Formalin:  h^ematoxylin ;  eosin.)  a.  Tuberculous  lymph-gland,  with  giant  cells  and  cheesy  foci:  at  the 
periphery  there  are  broad  blood-vessels  ;  h,  veins  which  show  a  thickening  of  their  walls  due  to  a  grov-lh  of 
tuberculous  granulation  tissue,  while  in  the  parts  that  are  farthest  away  from  the  periphery  they  show  areas 
of  cheesy  degeneration ;  c,  adipose  tissue.    Magnified  30  diameters. 


numerous  the  tubercles  will  be,  are  matters  which  are  determined  by  the 
location  of  the  point  of  invasion  and  by  the  number  of  the  bacilli  which 
have  gotten  into  the  blood.  The  entrance  of  many  bacilli  into  the  blood 
may  lead  to  general  hcematogenous  milinry  tuberculosis. 

If  the  bacilli  have  reached  the  blood  in  small  numbers  and  have  been 
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Fig.  440.— Hgematogenous  miliary  tuberculosis  of  the 
liver.  (Alcohol ;  carmine.)  o,  Fully  developed  tubercle 
in  the  connective  tissue  of  the  portal  vein ;  h,  accumu- 
lation of  round  cells.    Magnifled  150  diameters. 


deposited  in  one  organ  only,  and  if  death  does  not  supervene,  then  there 
arises  in  this  organ  a  progressive  local  hcematofjenous  tuberculosis,  which 

comi)orts  itself  in  the  same  man- 
ner as  a  primary  infection 
coming  from  the  exterior. 

The  inflammation  accompa- 
nying  the  ha^matogenous  ervption 
of  tube r des  is  sometimes  more, 
sometimes  less  pronounced,  and 
is  wont  to  be  most  severe  in  the 
meninges  and  in  the  lungs. 

If  an  invasion  of  the  bronchi 
takes  place,  say,  from  the  soft- 
ening of  a  caseous  focus  of  the 
lung,  or  if  a  centre  of  softening 
in  the  kidney  breaks  through 
into  the  pelvis  of  that  organ, 
tlien  the  tubercle  bacilli  will 
be  disseminated  over  the  sur= 
face  of  the  mucous  membranes. 
From  the  bronchi  the  bacilli 
spread  into  the  trachea,  the 
larynx,  and  the  buccal  cavity, 
and  from  there  again  into  the 
digestive  tract;  and  b}'  aspiration,  through  deep,  quick  inspiration,  they 
gain  access  to  other  as  yet  sound  parts  of  the  lung;  from  the  kidneys 
they  spread  into  the  discharging  uri^iary  passages. 

A  secondary  infection  may  also  result  from  this  spreading  of  the 
bacilli,  yet  only  a  small  percentage  of  those  which  have  thus  escaped 
give  rise  to  infection,  and  besides,  there  are,  as  experience  teaches,  only 
certain  regions  of  the  mucous  membranes  that  are  susceptible  to  infec- 
tion. Thus,  for  example,  in  the  case  of  the  digestive  tract,  it  is  espe- 
cially the  tonsils  and  the  lymphadeuoid  apparatus  of  the  small  and  large 
intestines  which  are  susceptible,  while  the  oesophagus  and  stomach  are 
nearly  immune;  and  in  the  case  of  the  discharging  urinary  passages, 
the  susceptible  parts  are  the  pelvis  of  the  kidney,  the  ureters,  and  the 
bladder,  while  the  urethra  nearly  always  remains  free. 

If  the  bacilli  reach  the  great  body  cavities,  they  can  also  here 
spread  over  the  surfaces,  and  the  serous  membranes  respond  to  the  in- 
fection with  diffuse  inflammation  and  with  the  formation  of  nodules 
(Fig.  441).     Later,  the  formation  of  new  connective  tissue  may  follow. 

If  a  woman  is  pregnant  at  a  time  when  the  tubercle  bacilli  are  being 
disseminated  throughout  the  body  by  the  circulation,  an  infection  of 
the  placenta  may  take  place,  and  from  this  an  infection  of  the  foetus 
may  also  result,  so  that  the  child  will  be  born  already  infected.  Never- 
theless, so  far  as  experience  covers  this  point,  this  occurrence  is  not 
common,  and  it  is  more  usual  for  children  of  tuberculous  parents  to 
become  infected  after  birth.  A  conceptional  infection  of  the  ovum  by 
infected  semen  has  not  been  demonstrated  and  is  very  unlikely. 

Secondary  infections  are  often  associated  with  that  by  tubercle 
bacilli,  and  this  occurs  principally  when  the  cavities  or  ulcers  caused 
by  tuberculosis  are  accessible  from  the  exterior.  Secondary  infections 
appear  most  frequently  in  tuberculous  lungs,  and  are  caused  chiefly  by 
streptococci  and  stajjhylococci.     Many  authors  are  inclined  to  refer  all 
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severe  inflammatory  exudations  which  accompany  pulmonary  tubercu- 
losis to  such  secondary  infections ;  but  this  is  certainly  not  correct,  for 
the  formation  of  tubercles  caused  by  tubercle  bacilli  can  be  accompanied 
by  very  pronounced  inflammatory  exudations,  so  that  serous  or  sero- 
fibrinous, or  pure  fibrinous,  or  fibrino-purulent  exudates  may  collect  in 
considerable  quantities  in  the  tissues  (in  the  lung-alveoli,  on  the  pleura, 
in  the  subarachnoidal  spaces,  etc.).  High  (septic)  fever,  rapid  destruc- 
tion of  tissue  with  a  tendency  to  suppuration,  and  unusually  severe  in- 
flammation point  to  secondary  infections.  However,  it  is  very  difiicult 
to  determine,  unless  a  special  investigation  is  directed  to  this  jjoint, 
whether  a  pure  tuberculosis  or  a  mixed  infection  exists. 

The  question  as  to  how  often  tuberculosis  is  transmitted  hy  transfer  of  the  bacilli  from 
the  mother  to  the  child,  is  still  open.  Nevertheless,  according  to  the  investigations  of 
Schmorl,  Birch-Hirschfeld,  and  Landouzy,  in  regard  to  miliary  tuberculosis  in  pregnant 
women,  it  is  proved  that  tubercle-bacilli  occur  in  the  spaces  betv^een  tlie  villi  as  well  as 
in  the  blood  of  chorionic  vessels,  and  that  the  liver  of  tlie  foetus  may  also  contain  bacilli. 
Furthermore,  cases  of  tuberculosis  of  the  placenta  also  occur  which  can  be  regarded  as 
stages  on  the  way  of  the  tubercle-bacillus  from  the  mother  to  the  fruit  (Schmorl,  Kockel, 
Lungwitz). 

Cases  of  tuberculosis  appearing  at  an  early  period  of  life,  reported  by  Demme, 
Baumgarten,  Rilliet,  Charrin,  and  others,  speak  in  favor  of  a  passage  of  the  tubercle- 
bacilli  from  the  mother  to  the  fruit ;  so  do  also  the  statements  of  Armanni,  Landouzy, 
and  Martin,  that  the  inoculation  of  portions  of  the  organs  of  human  fcetuses  obtained 
from  tuberculous  mothers  produces  tuberculosis  in  guinea-pigs.  But  still  more  impor- 
tant are  the  experimental  investigations  which  de  Renzi  and  Gärtner  made  ;  for  they 
succeeded,  by  inoculation  of  the  pregnant  female  in  guinea-pigs,  white  mice,  and  rab- 
bits, in  producing  tuberculosis  in  the  offspring  in  a  certain  number  of  cases,  and  con- 


FiG.  441.— Tuberculosis  omenti.  (Müller's  fluid;  carmine.)  a,  Centre  of  a  tubercle;  h,  cells  of  an 
epithelioid  character ;  c,  lymphatic  elements ;  cZ,  proliferating  epithelium  .in  '  the  neighborhood.  Magnified 
200  diameters. 


sequently  Gärtner  is  of  the  opinion  that  under  suitable  conditions  tubercle-bacilli  may 
pass  over  from  the  mother  to  the  foetus  in  animals  as  well  as  in  human  beings.  Finally, 
Maffucci  and  Baumgarten  succeeded  in  effecting  a  transfer  of  tubercle-bacilli  to  impreg- 
nated hens'  eggs,  and  in  accomplishing  this  they  ascertained  that  the  infection  did  not 
disturb  the  development  of  the  chicken,  but,  on  the  contrary,  the  bacilli  that  were  taken 
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up  by  the  embryo  remained  in  the  tissue  of  the  latter  without  multiplying  to  any  con- 
siderable extent,  but  subsequently  caused  tuberculosis  in  the  body  of  the  chick  after  it 
was  hatched  out. 

The  experiments  cited  above  allow  the  assumption  that  the  bacilli  are  transferred 
through  the  placenta  from  the  mother  to  the  fruit,  and  also  that  they  may  remain  for  a 
long  time  in  the  body  of  the  embryo  without  causing  any  recognizable  changes.  Since, 
manifestly,  congenital  tuberculosis  in  human  beings  is  extremely  rare,  while,  on  the 
other  hand,  tuberculosis  in  the  first  years  of  life  is  frequent,  it  is  possible  that  in  human 
beings  also  the  infection  may  remain  latent  for  a  long  time  and  not  be  always  recognized 
by  anatomical  examination.  The  question  whether  conceptional  tuberculosis,  through 
the  transference  of  the  virus  by  means  of  the  semen,  acttially  occurs,  is  one  which  "is 
open  to  discussion.  The  probability  is  that  it  does  not  occin\  However,  it  is  worthy 
of  note  that  the  semen  and  the  contents  of  the  seminal  vesicles  may  contain  tubercle 
bacilli,  and  this,  not  only  in  the  case  of  tuberculosis  of  the  testicles  and  epididymis. 
but  also  when  the  tuberculous  patients  have  no  recognizable  tuberculous  atfection  of  the 
genital  apparatus.  Nevertheless,  it  must  be  kept  in  view,  according  to  the  investigations 
which  have  thus  far  been  made,  that  tuberculosis  is  to  be  referred  mostly  to  extra-uterine 
infection,  and  that  children  of  tuberculous  parents  become  so  often  affected  with  tuber- 


Fig.  442.— Growths  from  the  pleuni  in  u  cd-r  .f  bovine  tuberculosis  (pearl-disease). 


culosis  because,  on  the  one  hand,  they  are  predisposed  to  tuberculosis,  and,  on  the  other, 
they  are  more  exposed  to  the  infection  with  the  bacilli  than  are  the  children  of  healthy 
parents. 

In  animals  a  transference  of  tuberculosis  to  the  foetus  seems  occasionally  to  occur, 
according  to  the  statement  of  Zippelius,  Jessen,  Pütz.  Grothaus,  Malvoz,  Lydtin, 
Brouvier,  Adams,  and  others.  Johne  not  only  found  nodules  and  larger  consolidated 
areas  in  the  king  and  liver,  and  in  yarious  lymphatic  glands  of  a  calf  foetus,  but  he  also 
established  beyond  a  doubt  the  presence  of  the  characteristic  bacilli. 

Tuberculosis  of  cattle  and  of  the  other  domestic  mammalia  is  a  progressively 
spreading  prodtiction  of  nodules,  in  which,  along  with  small  nodules,  larger  ones,  the 
size  of  a  potato  and  even  larger,  may  form,  and  in  which  also  there  may  be  a  certain 
amount  of  inflammatory  action,  resulting  in  exudations  and  in  the  production  of  con- 
nective tissue.  The  disease  develops  in  cattle  (Fig.  442),  especially  in  the  serous  mem- 
branes, where  the  process  is  called  thepearZ  disease;  then  it  is  also  found  with  the  next 
greatest  frequency  in  the  lymph-glands,  the  Itmg,  the  liver,  the  kidneys,  etc.  In  the 
serous  membranes  the  nodules  often  have  a  stem — i.e.,  are  pedunculated,  and  they  pre- 
sent some  resemblance  to  sarcomatous  gTOwths.  Along  with  caseation,  calcification 
occurs  strikingly  often. 

The  nodules  of  tuberctüosis  of  cattle  and  other  domestic  mammalia  resemble  pre- 
cisely in  structure  the  tubercles  of  human  beings,  and  inasmuch  as  they  contain  the 
same  bacilli,  and  inasmuch,  furthermore,  as  the  inoculation  of  calves  with  human  tuber- 
cles produces  typical  tuberculosis  (Bollinger),  the  hypothesis  that  the  two  kinds  of 
tubercles  are  identical  is  certainly  justified. 

According  to  Maffucci,  Rivolta.  Straus.  Gamaleia,  and  others,  tuberculosis  of  birds 
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is  not  caused  by  the  same  bacilli  as  those  which  produce  the  tuberculosis  of  man  or  other 
mammalia.  Cultures  of  the  tuberculosis  of  man  are  dry,  warty  or  scaly,  and  lustreless  ; 
those  of  bird-tuberculosis  are  moist,  folded,  and  soft,  and  can  grow  even  at  a  temperature 
of  43^  C.  Dogs  are  entirely  immune  from  bird-tuberculosis,  bat  not  from  tuberculosis  of 
man.  According  to  the  researches  of  Leray,  intraperitoneal  inoculation  of  mammalian 
tubercttlosis  causes  in  the  liver  and  spleen  of  rabbits  numerous  caseous  foci  with  few 
giant-cells  and  few  bacilli  ;  in  the  iungs,  numerous  caseous  nodules  with  many  bacilli. 
Inoculation  wdth  fowl-tuberculosis  causes,  on  the  other  hand,  non-caseating  cellular 
growths,  with  giant-cells  and  with  an  immense  number  of  bacilli. 

According  to  Maft'ucci,  Martin  and  Gärtner,  the  inoculation  of  human  tuberculosis 
into  a  fowl  is  not  followed  by  tuberculosis,  but  the  bacilli  remain  alive  for  weeks  in 
the  body  of  the  fowl.  Pigeons  (Anclair)  die  after  intraperitoneal  inoculation,  but  no 
tubercles  are  fotmd  in  the  tissues ;  the  liver  and  lungs  may  still  contain  living  bacilli 
after  the  lapse  of  fourteen  days.  In  guinea-pigs  the  bacilli  of  himian  tuberculosis  cause 
(Straus)  much  severer  changes  than  the  bacilli  of  fowl-tuberculosis.  Whether  man  is 
susceptible  to  avian  tuberculosis  is  as  yet  an  open  question. 

According  to  Malassez,  Pfeiffer,  Eberth,  Koger,  Grancher,  Zagari,  and  others,  a 
disease  very  like  tuberculosis  occurs  in  guinea-pigs,  rabbits,  lambs,  and  horses,  and  this 
disease  is  also  characterized  by  the  production  of  caseous  nodules  and  is  caused  by  a  pleo- 
morphic bacillits  that  forms  zoögloea.  The  affection  may  be  called  pseudotuberculosis 
(Eberth,  Pfeiffer).     Malassez  and  A'ignal  call  it  tuberculose  zoucjleique. 

§  178.  At  present  a  bacillus  found  by  Lustgarten  in  syphilitic  dis- 
eased foci  is  called  the  bacillus  of  syphilis,  and  it  is  possible  that  it  has 
pathogenic  significance  and  represents  the  contagiuni  of  syphilis.  In 
favor  of  this,  however,  it  can  be  said  only  that  the  bacilli  have  been 
found  in  various  syphilitic  foci  in  all  stages ;  but  it  has  not  as  yet  been 
l)ossible  to  cultivate  these  bacilli. 

The  bacillus  resembles  the  tubercle-bacillus,  is  from  3  to  7  r-  long,  often 
bent,  and  somewhat  swollen  at  the  ends.  According  to  Lustgarten,  it 
may  be  made  visible  by  a  complicated  staining-process,  consisting  in 
coloring  the  sections  wdth  aniline  gentian-violet  solution,  then  decolor- 
izing them  in  i)ermanganate  of  potassium,  and  washing  them  out  in  sul- 
phurous acid.     More  recent  authors  have  published  other  methods. 

The  bacilli  are  found  in  syphilitic  foci  of  disease  always  in  limited 
numbers  only.  They  lie  mostly  in  the  cells  (from  one  to  four  in  a  single 
cell)  (Lustgarten),  but  also  to  some  extent  between  the  cells,  and  may 
also  at  times  appear  in  the  blood  (Doutrelepont).  The  Lustgarten 
bacilli,  at  the  present  time,  can  hardly  be  used  for  differential  diagno- 
sis, since  other  bacilli,  described  as  smegma-bacilli,  found  in  the  secre- 
tion from  the  prepuce  and  in  the  smegma  between  the  labia  majora  and 
labia  minora,  stain  by  the  method  described  by  Lustgarten.  According, 
however,  to  Doutrelepont,  Klemperer,  and  Lewy,  it  is  possible  to  dis- 
tinguish these  from  one  another  by  proper  staining-methods — i.e.,  by 
carbolic-acid  fuchsin. 

The  poison  wdiich  on  inoculation  produces  syphilis  occurs  only  in 
the  human  organism,  wehere  it  is  alone  rejoroduced.  It  is  communicated 
to  other  individuals  only  by  direct  or  indirect  transfer.  When  inoculated 
into  an  organism  it  causes  inflammatory  x^rocesses  of  the  most  varied  in- 
tensity and  extent — from  a  simi:>le,  local,  transitory  hypersemia  to  the 
production  of  large  exudates  or  tumor-like  granulations  or  extensive 
connective-tissue  hyperplasias.  If  a  child  is  begotten  in  the  presence 
of  syphilitic  infection  the  disease  may  be  transmitted  to  the  child  by  the 
father  as  well  as  by  the  mother. 

If  the  primary  focus  of  inflammation  is  formed  at  the  point  of  infec- 
tion— which  is  usually  some  part  of  the  skin,  although  it  may  be  located 
in  a  mucous  membrane  (mouth,  fauces,  genital  mucous  membrane)  — 
there  is  first  a  pai^ule,  which  spreads  over  the  surface  and  forms  scales 
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in  eight  or  ten  days  after  its  appearance.  But  it  may  ulcerate  and  give 
rise  to  the  secretion  of  a  serous  or  purulent  fluid  which  dries  to  a  scab. 
Simultaneously  the  bottom  becomes  indurated  and  produces  a  thick 
disc-like  deposit  in  the  skin  or  a  thin  parchment-like  thickening.  Oc- 
casionally there  is  at  first  a  vesicle  that  becomes  eroded,  and  then  an 
ulcer  that  throws  off  but  little  exudate,  but  which  is  indurated  at  the 
bottom.  In  still  other  cases  there  exists  first  an  ulcer,  and  the  bottom 
becomes  indurated  subsequently. 

The  induration  is  called  the  initial  sclerosis,  or  Hunters  induration 
(Fig.  443,  h) .  The  ulcer  is  called  a  hard  cliancre.  The  induration  is 
caused  mainly  by  an  accumulation  of  small  round  cells  (Fig.  443,  6,  and 
Fig.  444,  a)  in  the  interstices  of  the  connective  tissue.  Occasionally 
epithelioid  cells  are  formed  (Fig.  444,  h)  and  isolated  ffiant  cells  {cj. 
"V\"hen  this  takes  x^lace  the  summit  of  develoi)ment  is  reached;  then  the 


Fig.  443.— Initial  sclerosis  in  syphilis.  (Alcohol:  haematoxylin :  eosin.i  a.  Cerium,  slightly  inflamed; 
h.  initial  sclerosis  (connective  tissue  infiltrated  with  ceUs) :  c,  a  point  where  the  cells  have  forced  their  way 
into  the  epithelium ;  d,  c,  lymph- vessels  filled  with  leucocytes.    Magnified  35  diameters. 


greater  part  of  the  tissues  disintegrates  and  ulcerates  or  becomes  ab- 
sorbed.    Some  of  the  cells  are  used  in  the  formation  of  scar-tissue. 

Within  the  area  of  the  initial  sclerosis,  and  in  its  immediate  neigh- 
borhood, the  lymph- vessels  are  dilated  and  filled  with  leucocytes.  Then, 
after  the  lapse  of  a  certain  length  of  time,  the  lymph-glands,  the  skin,  and 
the  mucous  membranes  will  become  involved  in  the  inflammation  ( sec- 
ondary symptoms).  Still  later,  there  follow  syphilitic  inflammations  of 
the  intestines  and  of  the  bones ;  these  are  tertiary  forms  of  the  disease. 
These  forms  sometimes  resemble  other  non-syphilitic  inflammations, 
and  sometimes  special  forms  of  granulation  are  produced.  Syphilitic 
affections  of  the  skin  embraced  under  the  term  syphilides  form  some- 
times only  red  blotches,  sometimes  small  or  large  papillary  excrescences, 
which  may  become  associated  with  the  formation  of  vesicles  and  pustules 
as  well  as  with  the  formation  of  scales.  Accordingly  the  various  cuta- 
neous syphilides  have  been  called  by  different  names,  some  of  which  are 
the  following:  roseola  syphilitica,  papular,  pustular ,  and  ulcerating  syphi- 
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Tides,  and  psoriasis  syphilitica.  A  common  element  in  all  of  tliese  affec- 
tions is  a  more  or  less  liigh  degree  of  inflammation,  wliicli  is  characterized 
by  an  infiltration  of  the  tissues, 
partly  also  by  hyperplasia.  Thus, 
for  example,  there  is  found  in  the 
flattened  elevations  of  the  skin, 
which  are  known  as  the  large  j^a- 
pular  syj^hilide  or  condyloma  latum, 
an  infiltration  of  the  papillary 
body  (Fig.  445,  i),  of  the  corium 
(Ä,'),  and  of  the  epithelium  {e,f,  g, 
h)  with  cells  and  fluid  exudate; 
and  this  exudate  coagulates  when 
hardening  of  the  parts  occurs. 
Finally,  these  masses  of  exudate 
may  reach  tlie  surface,  in  case  the 
horny  layer  of  the  epidermis  be- 
comes macerated,  and  cause  a 
moist  condition  of  the  condyloma. 
In  the  pustular  syphilides  the  in- 
flammation leads  to  a  purulent  melting  of  the  epithelium,  and,  in  the 
ulcerating  form,  also  of  the  papillary  body  and  of  the  corium,  so  that 
ulcers  result. 

Inflammatory  changes  similar  to  those  in  the  skin  appear,  in  the 


Fig.  444.— Section  from  a  syphilitic  initial  sclero- 
sis. (Alcohol;  alum-carmine.)  a.  Round-cell  in- 
filtration; h,  large  mononuclear  connective-tissue 
cells;  c,  polynuclear cells.    Magnified 350 diameters. 


Fig.  445.— Condyloma  latum  ani,  (Alconol;  Bismarck  brown.)  a,  Tiomy  layer ;  />,  mucous  layer  of  the 
epidermis ;  c,  corium ;  d,  loosened  horny  layer  infiltrated  with  small  cells ;  e,  swollen  mucous  layer ;  /, 
swollen  and  infiltrated  mucous  layer;  g,  epithelial  cells  with  round  cells  inside;  h,  coagulated  granular 
masses :  i,  swollen  papillary  body  infiltrated  with  cells  and  fluid ;  h,  corium  infiltrated  -with  cells,  fluid,  and 
coagulated  albumin;  I,  widened  lymph-vessel  filled  with  coagulum;  m,  sweat-gland.  Magnified  150 
diameters. 
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GUMMATA. 


secondary  stage  of  syphilis,  also  in  tlie  mucous  membranes,  especially 
of  the  mouth,  fauces,  and  respiratory  passages. 

Syphilitic  lesions  of  the  tertiary  stage,  that  appear  in  internal  organs, 
in  lymphatic  glands,  in  bones,  in  muscles,  in  subcutaneous  and  submu- 
cous connective  tissue,  in  the  membranes  of  the  brain,  etc.,  constitute 
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Tig.  446.— Mt'iiiiigu-eiu'ephalitis  sypliiliiicii  guiinnosa.  (Miillei"»  lluid;  aUmi-cariuiurj  o.  Brain- 
cortex;  7),  pia  mater;  c,  a  vein  surrounded  by  cellular  exudate;  f/,  fresh  cellular  granulation  tissue;  f/,. 
flbrocellular  granulation  tissue:  (72,  caseated  granulation  tissue  ;  c,  artery \\itli  much  thickened  intima  and 
adventitia  infiltrated  with  cells;  /,  cellular  infiltration  of  the  pia-sheath  of  the  cortical  vessels;  /,,  peri- 
vascular cellular  Infiltration  of  the  cortical  substance ;  y,  diffusely  spreading  cellular  inflltratioti  invading 
the  brain-cortex.    Magnified  15  diameters. 


formations  that  are  usually  designated  as  gummata  (Virchow),  except 
where  they  consist  merely  of  a  light  grade  of  a  degenerative  or  an 
inflammatory  change,  without  characteristic  features.  In  its  earlier 
stages  a  gumma,  as  well  as  the  broad  condyloma,  consists  of  an  inflam- 
mation confined  to  one  kind  of  tissue.  But  usually  the  gumma  is  richer 
in  cells  and  attains  a  higher  degree  of  development,  as  shown  \>j  the 
fact  that  a  peculiar  granulation  tissue  with  new  blood-vessels  (Fig.  446, 
d,  d^)  is  formed.  The  gumma  occurs  especially  in  the  periosteum,  in 
the  membranes  of  the  brain,  as  well  as  in  the  parenchymatous  organs  of 
the  abdomen,  especially  in  the  liver,  the  spleen,  and  the  testicle,  and 
shows  a  difference  in  the  abundance  of  cells  according  to  location.  The 
forms  which  have  a  paucity  of  cells,  and  which  are  most  often  observed 
in  tlie  bones,  have  a  soft  consistence  and  present  a  gelatinous  appearance 
on  section,. owing  to  the  fact  that  the  fluid  portion  of  the  node  is  in  excess 
of  the  cellular  mass.  The  tissue  also  undergoes  a  i)artial  metamorpho- 
sis into  mucous  tissue.  Forms  rich  in  cells  are  met  with  especially  in 
the  soft  membranes  of  the  brain  (Fig.  446),  in  the  submucosa  of  various 
mucous  membranes,  in  the  skin,  in  the  liver,  in  the  testicle,  and  in  the 
spleen.  They  form  gray  or  grayish-white  or  grayish-red  foci,  some- 
times spherical,  as  in  the  spleen  and  testicle,  sometimes  more  irregu- 
larly shaped,  as  in  the  soft  membranes  of  the  brain ;  and  in  their  light- 
gray  or  reddish-gray  color,   and    somewhat  transparent   texture,   they 
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resemble  healthy  granulations.  Often,  besides  these  lesions,  diffuse  in- 
flammatory changes  are  also  present  in  the  affected  organs. 

Small  foci  of  syphilitic  infiltration  quite  often  disappear  quickly  by 
absorption.  In  larger  foci  frequently  suppuration  or  fatty  and  necrotic 
disintegration  takes  place.  Disintegration  of  syphilitic  foci  of  the  skin 
and  of  the  subcutaneous  connective  tissue,  as  well  as  of  the  mucosa  and 
submucosa,  leads  to  the  formation  of  ulcers  which,  when  a  mucous 
membrane  is  the  part  affected,  occur  most  frequently  in  the  region  of 
the  mouth,  throat,  and  upper  air-passages  (Fig.  448,  a).  In  the  inte- 
rior of  deeper-lying  gumma-nodules  caseous  foci  are  not  infrequently 
formed  (Fig.  446,  d.,  and  Fig.  447,  a).  These  are  sometimes  regularly 
spherical,  sometimes  irregularly  shaped.  The  peripheral  portions 
merge  into  callous  connective  tissue  (Fig.  447,  h,  c,  d)  which  incloses 
the  caseous  masses  and  radiates  in  bands  into  the  surrounding  tissue. 
Papillary  groivths  (Fig.  448,  h,  c)  not  infrequently  are  formed  in  the 
neighborhood  of  the  ulcers  of  the  mucous  membrane. 

Necrotic  remains  of  gumma-nodules  which  originally  were  cellular 
come  under  anatomical  examination  far  more  frequently  than  those 
which  are  still  perfect ;  and  yet  in  this  changed  condition  they  are  still 
commonly  designated  as  gumma-nodules.     Not  only  the  cellular  hyper- 
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Fig.  447.— Gumma  of  the  liver.  (Alcohol;  alum  carmine.)  a.  Caseous  nodule ;  ib,  homogeneous  connec- 
tive tissue  ;  c,  connective-tissue  with  remnants  of  liver-tissue ;  cZ,  connective-tissue  bands  radiating  into  the 
liver-tissue ;  c,  cellular  foci  at  the  edge  of  the  caseous  nodule ;  /,  cellular  foci  within  the  connective-tissue 
rays ;  g,  liver-tissue.    Magnified  13  diameters. 

plasia,  but  also  the  infiltrated  tissue  itself,  is  often  involved  in  these 
necrotic  changes. 

The  reason  why  syphilitic  inflammation  often  results  in  disintegra- 
tion of  tissue  and  necrosis  lies  primarily  in  the  character  of  the  agent 
that  produces  the  disease.  Still  a  second  circumstance  is  responsible 
for  this  manner  of  termination — namely,  the  extensive  participation  of 
the   blood-vessels,    esi)ecially    of    the    arteries,    in    the    inflammation. 


506 


HEREDITARY   SYPHILIS. 


When  a  syplailitic  inflammation  leads  to  a  formation  of  granulations  or 
to  a  connective-tissue  hyperplasia  the  vessel-walls  also  become  thickened, 

especially  the  intima  (Fig.  446,  e),  so 
that  the  lumen  of  the  vessel  becomes 
narrowed  and  not  infrequenth'  even 
totally  closed.  Occasionally  the  syi)hi- 
litic  process  is  largely  localized  in  the 
vessels. 

Hereditary  syphilis  is  character- 
ized mostly  by  peculiar  tissue  changes 
which  differ  not  inconsiderably  from 
the  manifestations  of  acquired  syphilis ; 
but  still  changes  also  occur  which  agree 
with  the  latter.  In  the  skin  it  causes 
macular  as  well  as  papular  and  pus- 
tular syphilides,  which  may  lead  to  ul- 
cerations. The  spleen  is  usually  more 
or  less  enlarged,  and  in  individual  cases 
may  attain  ten  times  its  normal  volume. 
In  the  liver  intra-  as  well  as  perivas- 
cular aggregations  of  round  cells  are 
formed,  and  these  often  grouj:)  them- 
selves in  small,  thick  foci.  There  are 
also  cases  in  which  there  is  a  diffuse, 
widespread  hyperplasia  of  the  connec- 
tive tissue,  which  lends  a  solid  character 
and  a  peculiar  brownish-yellow  color 
to  the  liver.  Moreover,  in  some  cases 
there  is  a  connective-tissue  hyperplasia 
confined  to  the  periportal  tissue.  The 
lung  may  present,  throughout  its  sub- 
stance or  only  in  places,  a  thick  gray 
or  grayish-white  character  resembling  sarcomatous  tissue.  This  ap- 
pearance in  the  altered  area  is  due  to  the  presence  of  connective  tissue 
rich  in  cells  (Fig.  450,  a,  5),  containing  only  imperfectly  developed  al- 
veoli (e,  e,)  and  bronchi  {d,  c?,),  or  none  at  all.  In  disease  of  limited 
extent  there  exists  only  a  thickening  of  the  peribronchial  and  perivas- 


FiG.  448.- s\piiiiii](  ulceration  of  the 
larynx.  Sagittal  b(>(.tion  through  the  larynx 
and  trachea,  a.  Ulcer;  b,  thickening  and 
papillary  growth  on  the  epiglottis ;  c,  thick- 
ening and  papillary  growths  of  the  left  wall 
of  the  larynx  and  of  the  superior  thyro- 
arytenoid ligament.    (Natural  size.) 


Fig.  449.— Congenital  syphilitic  hepatitis.  (Müller's  fluid ;  hgematoxylin ;  eosin.)  a,  Periportal  connec- 
tive-tissue rich  in  cells  (longitudinal  section  through  an  artery) ;  b,  glandular  tissue  beset  with  cells.  Magni- 
fied 100  diameters. 
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cular  tissue  and  of  the  iiiteralveolar  septa,  in  part  associated  with  an 
accumulation  of  desquamated  epithelial  cells  in  the  alveoli.  In  the 
kidneys  and  testicles  the  connective  tissue  may  also  be  increased  in 
places  and  enormously  rich  in  cells.  Syphilis  thus  often  causes  in 
glandular  organs  a  pathological  development  of  the  connective-tissue  ele- 
ments, while  the  epithelial  tissue  remains  behind  in  its  development. 
In  the  blood  the  number  of  colorless  corpuscles  often  seems  increased. 
Finally,  in  the  bones,  not  infrequently  disturbances  in  the  endochondral 
ossification  occur — disturbances  which  are  characterized  mainly  by  irreg- 
ularities in  the  formation  of  the  medullary  cavity,  and  in  the  deposi- 
tion of  lime-salts  in  the  cartilage,  and  which  lead  to  disturbances  in  the 
structure  of  the  spongy  subchondral  bone-substance.     By  the  formation 


Fig.  450.— Changes  in  the  lung  in  congenital  sypMlis.  (MüUer's fluid;  hasraatoxylin ;  eosin.)  n,  Hyper- 
plastic stroma  rich  in  cells ;  b,  foci  of  granulations  rich  in  cells ;  c,  arteries  with  thickened  adventitia ;  d,  d-i, 
gland-like  bronchi,  some  of  which  contain  desquamated  epithelium  and  round  cells ;  e,  Ci,  alveoli,  some  of 
which,  Ci,  contain  desquamated  epithelium  and  round  cells.    Magnified  60  diameters. 


of  hyperplastic  granulations  which  undergo  caseous  degeneration,  larger 
defects  may  occur  in  the  bone-tissue. 

Syphilis  can  be  transferred  to  the  foetus  as  well  by  the  sperm  as  by  the  ovum.  The 
transmission  from  the  father's  side  is  the  most  usual.  After  conception,  a  transfer  of 
syphilis  from  the  mother  to  the  fcetus  may  take  place.  Most  frequently  the  transfer  of 
syphilis  occurs  in  the  secondary  stage.  If  infection  and  conception  occur  simultane- 
ously, the  intensity  of  the  disease  in  the  child  is  greatest ;  but,  nevertheless,  even  freshly 
infected  parents  may  produce  healthy  children  (Neumann).  The  syphilis  that  is  trans- 
ferred by  the  mother  during  the  first  months  of  pregnancy  kills  the  child.  In  the  later 
months  of  pregnancy,  syphilis,  as  a  rule,  is  not  transferred  to  the  child  (Neumann). 

Mothers  that  bear  children  which  have  been  infected  with  syphilis  by  the  father 
may  themselves  remain  healthy.  It  appears,  therefore,  that  a  certain  immunity  from 
syphilis  does  occur. 

§  179.  The  bacillus  lepras  was  first  described  by  Armauer  Hansen 
in  1880.  It  is  a  small,  slender  bacillus,  from  4  to  6  ß  long.  It  is  re- 
garded as  the  cause  of  leprosy — also  called  elephantiasis  Grwcorum.  It 
is  found  constantly  and  in  large  numbers  in  the  morbidly  altered  tissues 
(Figs.  451,  452,  and  453). 

The  foci  of  disease  in  leprosy  are  characterized  in  general  by  a 
hyperplasia  consisting  of  cells  of  different  size,  and  of  fibrous  stroma 
(Fig.  451).  The  bacilli  lie  partly  between  (e),  partly  in  the  cells  (c,  d), 
and  accumulate  usually  to  a  large  extent  in  the  latter.  The  cells  in 
consequence  swell  enormously  (d),  and  change  into  giant  cells  of  one 
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or  more  nuclei  (Fig.  452).  The  giant  cells  occasionallj^  inclose  large 
vacuoles  which  contain  large  numbers  of  bacilli,  as  well  as  granular, 
thready  detritus  of  the  liquefied  protoplasm.  The  nuclei  are  preserved 
for  a  certain  time,  and  are  shoved  over  to  the  periphery  by  the  vacuoles 
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Fig.  452. 

Fig.  451.— Tissue  from  a  leprosy-nodule.  (Alcohol;  fuchsln;  methylene  blue.)  a.  Cellular  fibrous 
tissue ;  h,  round  cells ;  c,  d,  medium-  and  very  large-sized  cells  filled  with  bacilli ;  e,  free  bacilli.  Magnified 
300  diameters. 

Fig.  453.— Two  giant  cells  with  vacuoles  containing  bacilli,  from  a  leprous  growth  of  the  skin  of  the 
nose.    (Alcohol ;  Gabbet's  staining-method.)    Magnified  400  diameters. 

containing  the  bacilli.  Later  on,  they  too  are  destroyed,  so  that  the 
entire  cell  then  becomes  a  vesicle  containing  the  bacilli  (Fig.  451,  d). 
Some  of  the  cells  in  which  the  bacilli  lie  are  tissue-cells  which  were 
present  before  the  invasion,  while  others  are  newly  formed  cells. 

The  bacilli  are  surrounded  by  a  slimy  envelope  (Neisser),  and  behave 
toward  coloring-matters  in  much  the  same  manner  as  do  the  tubercle- 
bacilli.  Consequently  the  same  procedure  can  be  used  for  staining  the 
former  as  the  latter.  The  stained  bacilli  often  show  clear  spots,  or 
appear  as  if  made  up  of  stained  granules. 

According  to  Bordoni-Uffreduzzi  and  Neisser,  the  bacilli  may  be  cul- 
tivated upon  peptone-glycerin-blood-serum,  upon  gelatinized  blood-se- 
rum, and  upon  boiled  eggs.  They  grow  out  to  threads  of  four  times  the 
original  length,  and  are  often  swollen  into  club  shape  on  the  ends.  It 
is  still  a  contested  point  whether  the  bacilli  form  spores. 

Inoculations  of  animals  have  as  yet  not  given  certainly  positive  re- 
sults. It  is  true  that  it  is  claimed  that  the  bacilli  can  multiply  at  the 
seat  of  inoculation,  and  that  a  hyperplasia  may  take  place  in  rabbits 
(Damsch,  Vossius) ;  still  a  disease  process  extending  over  large  areas  of 
the  body  is  not  obtained.  Schottelius  and  Bäumler  obtained  no  posi- 
tive results  by  inoculating  apes  with  freshly  excised  pieces  of  leprous 
skin  rubbed  up  so  as  to  form  an  emulsion  in  warm  bouillon  and  warm 
blood-serum.  According  to  Campana  and  Wesener,  the  bacilli  in  the 
pieces  that  are  inoculated  are  carried  off  by  the  wandering  cells,  but 
they  cause  no  specific  infection  and  do  not  multiply. 

The  infection  of  man  takes  place  by  mediate  or  immediate  transfer- 
ence from  individual  to  individual.  The  nasal  secretion  (Sticker)  is 
particularly  infectious,  especially  at  those  times  when  leprous  suppura- 
tions are  present  in  the  nose.  In  leprous  diseases  of  the  respiratory 
passages  the  sputum  may  contain  bacilli,  and  in  the  formation  of 
nodules  and  ulcers  of  the  skin  the  secretion  of  these  ulcers  may  also 
contain  the  bacilli.  Contagion  seems  to  result  most  frequently  from  the 
nose ;  at  least  the  early  involvement  of  the  anterior  nasal  region  rather 
favors  this  supposition.  In  spreading  in  the  body  the  bacilli  make  use 
mainly  of  the  lymph-channels ;  they  may,  however,  get  into  the  blood. 
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The  skin,  the  peripheral  nerves,  and  the  nose  are  mainly  concerned 
in  the  disease;  still  the  bacilli  can  multiply  in  other  tissues — e.g.,  in 
the  testicles,  in  the  liver,  in  the  ganglia,  and  in  the  spleen — and  form 
foci  of  disease. 

At  the  point  of  colonization  the  bacilli  excite  inflammation  and  hyper- 
plasia. Granulation  tissue  containing  blood-vessels  is  formed,  and  re- 
mains for  a  long  time  in  a  condition  which  is  characterized  by  an  abun- 
dance of  cells.  This  forms  the  basis  for  nodules  and  tumors  in  the  skin 
and  the  nose,  and  for  spindle-shaped  thickening  of  the  nerves,  and  is 
the  cause  of  the  irritation  and  eventually  of  the  degeneration  and  destruc- 
tion of  nerve-filaments.  The  bacilli,  and  the  hyperplasia  of  the  tissues 
caused  by  them,  group  themselves  by  preference  around  the  hair-folli- 
cles (Fig.  453,  d)  and  the  ducts  (/)  and  coils  {g)  of  the  sweat-glands ;  but 
this  connection  is  not  always  to  be  made  out  in  all  of  the  hyperplastic 
foci  (li) .  The  bacilli  may  furthermore  penetrate  into  the  blood-vessels, 
the  hair-follicles,  and  the  sweat-glands  (Touton),  and  thence  come  to  the 
surface.  In  the  nervous  system  they  are  found,  .in  the  connective  tissue 
as  well  as  in  the  nerve-elements  themselves,  especially  in  the  ganglion- 
cells  (Sudake witsch).      The  cells  occu._^ied  by  them  undergo  in  time 
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Fig.  453.— Section  through  a  leprous  skin-nodule.  (Alcohol;  Gabbet's  staining-method.)  a.  Epidermis; 
&,  corium ;  c,  hair-follicle ;  d,  leprous  foci  in  the  tissue  surrounding  the  hair-follicles ;  e,  duct  of  a  sweat- 
gland  ;  /,  leprous  foci  in  the  neighborhood  of  e ;  g,  leprous  foci  around  the  sweat-glands  ;  7(,  leprosy-nodules 
in  which  no  special  connection  with  any  elements  of  the  skin  can  be  recognized  ;  i,  foci  of  bacilli.  Magnified 
33  diameters. 

degeneration,  occasionally  with  hydropic  swelling  and  the  formation  of 
vacuoles  (Fig.  452). 

The  hyperplasia  caused  by  the  growth  of  the  bacilli  may  almost  dis- 
appear by  disintegration  and  absorption  of  the  cells  after  the  condition 
has  existed  for  years;  but  there  always  remain  indurations  rich  in  cells 
and  pigmentation  of  the  skin.     Caseation  never  takes  place. 
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Leprosy  of  the  skin  appears  especially  in  the  face,  on  the  extensor 
surface  of  the  knees  and  of  the  elbows,  and  on  the  posterior  surface  of 
the  hands  and  feet.  It  begins  by  the  formation  of  red  spots,  that  either 
disappear,  leaving  pigmented  spots  beliind,  or  become  elevated  into 
nodules  of  brown-red  color — lepra  tuherosa  sive  tuberculosa  sive  nodosa. 


Fig.  454.— Leontiasis  leprosa.    (After  G.  Munch.) 


In  the  region  of  the  red  spots  the  tissue  contains  large  numbers  of 
bacilli  (Philippson),  which  for  the  most  part  lie  within  the  vessels,  and 
already  at  this  stage  the  tissue-hyperplasia  can  be  detected.  According 
to  investigations  of  Müller,  the  vesicular  eruptions  that  occur  in  leprosy, 
and  were  formerly  regarded  as  a  sequel  of  a  leprous  disease  of  the  nerves, 
are  caused  by  the  presence  of  bacilli. 

The  nodules  remain  for  months  unaltered,  or  they  increase  in  size 
and  become  fused  together  into  a  single  mass,  so  that  very  large  tumors 
result,  which  have  led  to  the  name /acies  leontma  (Fig.  454)  being  given 
to  the  distorted  face. 

The  formation  of  ulcers  which  show  no  disposition  to  heal  may  re- 
sult from  external  influences.  New  nodules  appear  occasionally,  follow- 
ing an  erysipelas-like  reddening  and  swelling  of  the  skin.  The  glands 
of  the  submaxillary  and  of  the  inguinal  region  swell  to  very  large  nodules. 

Leprosy  of  the  nerves  {lepra  nervorum  sive  amesthetica)  leads  first  to 
hypersesthesia  and  pain,  later  to  anaesthesia,  more  seldom  to  motor 
paralysis  in  the  region  of  the  affected  nerves.  The  further  consequences 
of  the  disease  of  the  nerves  are  disturbances  that  show  themselves  in  the 
skin  in  the  form  of  white  and  brown  spots  (i.e.,  lepra  maculosa^  morphoea 
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nigra  et  alba),  aud  in  the  bones  and  muscles  in  that  of  atrophy.     Since 
those  suffering  from  the  disease  are  apt  to  injure  themselves  after  the  ap- 


FiG.  455.— Lepra  an^Esthetlca  ulcerosa  of  the  lower  extremity  and  foot.    (After  G.  Munch.) 


pearance  of  ansesthesia,  ulcers  are  often  formed  which  cause  deep  erosions 
and  may  lead  to  the  loss  of  entire  phalanges  {lepra  mutilans)  (Figs.  455 
and  456) . 

Leprosy  of  the  skin  and  leprosy  of  the  nerves  occur  usuallj^  in  com- 
bination, seldom  separately.  Along  with  the  skin  and  the  nerves,  the 
central  nervous  system,  the  mucous  membranes,  the  cornea,  the  carti- 
lage, the  liver,  the  spleen,  the  lymphatic  glands,  and  the  testicles  may 
all  become  affected. 

In  Europe  leprosy  is  confined  mainly  to  Norway,  Sweden,  Finland, 
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Fig.  456.— Lepra  anaesthetica  mutilans.    Partial  destruction  of  the  lingers ;  ulcers  in  the  hand.    (After  G. 

Munch.) 
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the  Baltic  Sea  provinces  of  Eussia,  and  the  coast  of  the  Mediterranean 
Sea.  Sporadic  cases  of  the  disease,  however,  may  occur  in  other 
regions.  It  occurs  very  frequently  in  Hindustan,  China,  Sumatra, 
Borneo,  Java,  and  Mexico,  on  the  northern  and  eastern  coasts  of  South 
America,  in  Upper  and  Lower  Guinea,  in  Cape  Colony,  and  on  the 
northern  coast  of  Asia. 

§  180.  The  bacillus  mallei  is  a  bacillus  discovered  by  Löffler, 
Schuetz,  and  Israel  in  glanders  foci.  Subsequently  the  observation  was 
substantiated  and  the  bacillus  studied  by  Weichselbaum,  Kitt,  and 
others.  It  is  to  be  regarded  as  the  cause  of  glanders  and  of  farcy, 
{malleus,  maliasrnus),  a  contagious  disease  of  horses,  which  occurs  in 
man  only  by  transference  from  horses. 

The  glanders-bacilli  are  very  small,  slender  bacilli,  wdiich  occur  in 
the  foci  of  disease  sometimes  scattered,  sometimes  lying  together  in 
little  clumps.  For  staining,  alkaline  methylene  blue  or  gentian  violet 
is  usually  employed. 

The  stained  bacilli  often  show  clear  spots  that  are  regarded  by  many 
as  spores,  but  are  interpreted  by  Löffler  as  forms  of  involution.  The 
bacilli  occur  especially  in  the  glanders  foci,  but  occasionally  also  in  the 
blood  of  the  diseased  individual  (Löffler,  Kitt) . 

The  bacilli  grow  at  temperatures  varying  from  30^  to  40^  C.  on 
coagulated  blood-serum,  as  well  as  on  slices  of  boiled  potato  and  on 
potato-pap.  On  the  two  latter  they  form  amber-^'ellow  coatings  that 
later  become  red.  On  blood  serum  they  form  small,  yellowish,  trans- 
parent droplets  which  later  become  milky  white.  On  agar-agar  the 
colonies  are  grayish-white.  Whether  the  bacilli  form  spores  or  not,  is 
not  yet  determined. 

Horses,  asses,  sheep,  young  dogs,  goats,  cats,  guinea-pigs,  and  field- 
mice  are  suitable  for  inoculation.  In  cats,  after  inoculation,  there  de- 
veloj)  in  the  testicles  cellular  foci,  which  are  composed  essentially  of 
leucocytes  (Fig.  457),  and  which  lie  partly  inside  the  canaliculi  (b,  c), 
partly  between  them  (d).  Injection  of  the  pus  of  glanders  into  the  peri- 
toneal cavity  of  male  guinea-pigs  causes  the  testicles  to  swell  raindly 
(Straus).  After  subcutaneous  inoculations  there  results  an  ulcer  at  the 
seat  of  inoculation,  and  at  the  same  time  there  is  swelling  of  the  neigh- 
boring lymph-glands.  At  a  later  stage  nodules  as  well  as  nasal  ulcers 
may  be  formed  in  the  internal  organs.  In  horses  and  asses  typical 
glanders  can  be  produced.  Cattle,  white  mice,  and  house-mice  are  in- 
susceptible. 

The  usual  atrium  of  infection  in  horses  is  the  mucous  membrane  of 
the  nose.  Then,  next  in  order,  the  submaxillary  glands  become  affected, 
and  in  the  further  course  of  the  disease  metastases  develop  in  different 
organs.  In  the  nasal  mucous  membrane,  the  infection  may  give  rise 
either  to  a  diffuse  cellular  infiltration  of  the  mucous  membrane,  or,  on 
the  other  hand,  to  subepithelial  nodules  the  size  of  a  millet-seed  or  a 
pea.  In  the  chronic  farcy  of  the  skin  larger  nodules  are  developed, 
which  join  together  in  rows,  forming  worm-like  cords. 

The  nodules  of  the  mucous  membrane  break  down  easily.  The  cells 
of  which  they  are  composed  bear  precisely  the  character  of  pus-cells. 
By  the  disintegration,  softening,  and  suppuration  of  the  nodules,  ulcers 
are  formed  with  yellow  infiltrated  bottoms.  They  enlarge  by  a  continu- 
ance of  the  process  of  nodular  or  more  diffuse  infiltration  and  subsequent 
disintegration  of  the  edge,  as  well  as  by  confluence  of  neighboring  ulcers. 


GLANDERS   AND   FARCY. 


513 


Horses  tliat  have  died  of  glanders  liave  often  very  extensive,  irregularly 
shaped,  elevated  ulcers  on  the  mucous  membrane  of  the  vomer.  These 
ulcers  have  eroded  edges  and  floors  which  are  coated  with  a  gray  and 
yellow  material ;  and  besides  these  there  are  numerous  small  lenticular 
ulcerations  and  gray  or  yellow  nodular  foci  which  are  on  the  point  of, 
breaking  down.  The  whole  process  stands  very  nearly  related  to  puru- 
lent inflammation.  The  healing  of  the  ulcers  is  characterized  by  the, 
formation  of  radiating  scars. 

The  lymphatic  glands  in  the  neck  are  constantly  the  seat  of  inflam- 
matory swelling.  Of  the  internal  organs  the  lungs  i)articularly  are 
affected.  They  either  contain  nodules  which  present,  on  section,  a 
cheesy  and  disintegrated  centre,  while  the  periphery  is  grayish  in  color 
and  rich  in  cells,  or  else  foci  of  lobular  pneumonia.     The  latter  may 


Fig.  457.— Glanders  of  a  cat's   testicle.    (Miiller's  fluid;  haematoxylin.)    a.  Seminiferous  tubules;  b,  c, 
tubules  filled  with  leucocytes :  cZ,  masses  of  leucocytes  in  the  connective  tissue.    Magnified  lOü  diameters. 


have  either  a  light-gray  or  a  more  hemorrhagic  ai)pearance,  or  they 
may  have  already  become  opaque  and  of  a  yellowish-white  color,  by 
reason  of  fatty  and  caseous  changes.  Occasionally  the  mucous  mem- 
brane of  the  intestinal  tract  may  contain  nodules  of  varied  size,  some  of 
them  light  gray,  and  consequently  rich  in  cells,  some  of  them  of  an 
ojjaque,  yellowish-white  color,  cheesy,  or  on  the  point  of  suppurating. 

In  farcy,  which  has  more  of  a  chronic  course  than  glanders,  the 
nodules  which  form  in  the  skin  and  muscles  consist  of  small-celled 
tissue  which  finally  undergoes  a  retrograde  metamorphosis,  becomes 
caseated,  and  disintegrates. 

In  human  beings  the  infection  with  glanders=poison  takes  place 
mostly  through  small  wounds  of  the  skin ;  it  can,  however,  also  appear 
primarily  on  the  mucous  membrane  at  the  point  where  it  joiüs  the  skin. 
In  the  skin  and  subcutaneous  tissue  the  following  lesions  may  develop : 
carbuncular  and  phlegmonous  inflammations  which  may  result  iu  sup- 
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puration;  nodular,  vesicular,  and  pustular  exautliemata ;  aud  suppurative 
inflammation  of  the  lymi)liatic  vessels  and  glands.  In  the  mucous  mem- 
branes of  the  respiratory  passages  catarrhs  appear,  and  supi)urating 
nodules  and  nodes  are  formed,  which  leave  ulcers  behind.  In  the  inter- 
nal organs  metastatic,  small-celled  nodules  are  formed,  that  show  a 
tendency  to  suppurate  or  to  form  extensive  suppurative  infiltrations  or 
abscesses,  especially  in  the  muscles.  In  chronic  farcy  occasionally 
large  nodules  are  formed  in  the  skin  and  muscles,  and  these  break  down, 
and  give  rise  to  ulcers  that  are  slow  to  heal.  In  order  to  determine 
precisely  what  is  the  nature  of  the  i)rocess  it  is  scarcely  possible  to  dis- 
pense with  a  bacteriological  examination  or  with  inoculations. 

According  to  investigations  of  Kalning,  Preusse,  and  others,  a  potent  poison,  lualleln, 
can  be  extracted  from  cultures  of  the  glanders-bacillus.  This  substance,  when  injected  in 
small  doses  into  horses  suffering  with  glanders,  causes  febrile  rise  of  temperature  and 
may  be  used  as  a  diagnostic  aid. 

§  181.  Under  the  name  of  the  bacilli  of  rhinoscleroma  (Fig.  458), 
Frisch,  Pellizari,  Chiari,  Cornil,  Alvarez,  Köl:)ner,  Paltauf,  von  Eiseis- 
berg, Dittrich,  and  others  have  described  short  rods  with  rounded  ends 
which  constantly  occur  in  the  morbid  formation  called  rhinosderonia  or 
scleroma  respiratoriiun  (Bornhaupt,  Wolkowitsch),  and  consequently  are 
regarded  as  the  cause  of  the  disease.  Staining  succeeds  best  with 
methylene  violet ;  the  sections  being  left  in  the  mixture  for  from  twenty- 
four  to  forty-eight  hours.  After  staining,  the  sections  are  treated  with 
iodine  water,  or  are  left  for  from  one  to  three  days  in  absolute  alcohol. 

The  bacilli  i^ossess  mostly  a  hyaline  capsule.  According  to  Paltauf, 
von  Eiselsberg,  Dittrich,  Wolkowitsch,  and  others,  they  may  be  culti- 
vated on  blood-serum,  gelatin,  agar-agar,  aud  potatoes;  and  under 
these  conditions  they  form  caj^sules  (Fig.  458).  When  cultivated  in 
bouillon,  on  the  contrary,  they  show  no  capsules  (Dittrich).  Stab- 
^  -  cultures  in  gelatin  resemble  very  much  the  nail-cultures 

,\'^y\  '^  of  the  pneumonia-bacilli  of  Friedländer,  but  are  of  a 

//v'^v'Sr*^  transparent    grayish-white  color,  and  not  dead  white. 

/;'^\,\i^*  The    bacilli  stain  more  readily  than  the    pneumonia- 

'j^V^'  bacilli,  and  also  stain  by  Gram's  method.     Stepanow 

^*  •*  observed,  in  inoculations  into  the  eyes  of  guinea-pigs, 

active  inflammations  and  proliferating  granulations  con- 
f ^"^'rhtnosTieroma      Gaining  the  bacilli  and  hyaline-degenerated  cells, 
from  an  agar-agar  Rhtnoscleroma  is  obscrved  principally  in  east  Aus- 

tion ^of'  Stepanow^  txia  and  iu  southw^est  Kussia ;  isolated  cases  occur  also 
vMrtt'^'^MSfll'i  ^^  Silesia,  Italy,  Egypt,  Belgium,  Sweden,  aud  Switzer- 
750  diameters?  land,  and  iu  South  America.     It  is  a  chronic  progres- 

sive disease  of  the  tissues  which  lasts  for  many  years, 
usually  beginning  in  the  nose  (Wolkowitsch),  more  rarely  in  the  throat, 
larynx,  or  palate,  and  extending  thence  to  the  neighboring  parts — the  ex- 
ternal nose,  lips,  tear-passage,  trachea,  etc.  The  affection  in  the  nose  is 
characterized  hj  a  thickeDing  of  its  walls  which  in  some  cases  is  diffuse, 
but  in  others  is  lumpy  or  nodular.  The  external  skin  assumes  a  reddish 
or  brownish-red  color,  becomes  stiff  and  cracked,  and  is  covered  with, 
scales.  In  the  throat  and  respiratory  passages  tough  cartilaginous  in- 
filtrations are  sometimes  found,  and  at  other  times  shrunlien  scar-tissue. 
The  infiltrations  may  appear  at  times  in  the  form  of  nodules  or  nodes, 
at  other  times  in  that  of  tumors  and  flat  thickened  areas  ;  or,  finally,  they 
may  be  spread  out  more  diffusely.     By  the  transformation  of  the  infil- 
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tration  into  shrunken  scar-tissue,  extensive  deformity  of  the  affected 
organs  may  result.  Deeply  extending  destruction  of  tissue  is  absent, 
but,  on  the  other  hand,  superficial  ulceration  may  take  place.  The  in- 
filtrated tissue  on  section  appears  yellowish  and  fatty,  but  not  infre- 
quently it  shows  a  gray  or  grayish-red  color.  The  tissue  of  the  diseased 
portions  consists  partly  of  hyperplastic  granulations,  partly  of  fibrillated 
connective  tissue.  If  the  former  extend  to  the  epithelial  covering  there 
appear  partly  hyperplastic,  partly  degenerative  processes  in  the  epithe- 


FIG.  459. 


Fig.  460. 


Fig.  459.— Section  of  rhinoscleromatous  tissue,  with  numerous  degenerated  and  vacuolated  cells  which 
inclose  the  bacilli.    Preparation  of  Stepanow.    (Osmic  acid;  hsematoxylin.)    Magnified  400  diameters. 

Fig.  460.— Cells  with  hyaline  degeneration  and  hyaline  globules  from  rhinoscleromatous  tissue  of  the 
vocal  cord  and  of  the  nose.  Preparation  of  Stepanow.  a,  Tj,  c,  d.  Hyaline-degenerated  cells  with  small 
bacilli;  c,  a  hyaline  cell  with  a  capsulated  bacillus;  /,  g,  cells  with  hyaline  globules;  h,  free  hyaline  glob- 
ules, (a,  &,  c,  d,  stained  with  Löffler's  solution ;  e,  with  haematoxylin ;  /,  g,  /(,  with  fuchsin.)  Magnified 
500  diameters. 

lial  cells.  The  degeneration  is  characterized  by  the  formation  of 
vacuoles  and  by  an  infiltration  of  the  parts  with  round  cells.  Accord- 
ing to  Stepanow,  the  vacuoles  may  contain  bacilli. 

The  granulation  tissue  itself  may  show  in  many  places  no  special 
peculiarities;  it  may,  in  fact,  merely  present  the  conditions  that  are 
found  in  other  inflammatory  infiltrations  and  proliferations  of  connective 
tissue.  Other  places,  on  the  contrary,  contain  in  smaller  or  larger  num- 
bers cells  possessed  of  one  vacuole,  or  completely  degenerated  and 
vacuolated,  or  reticulated  in  structure.  In  these  gaps  within  the  cells 
the  bacilli  can  be  detected  (Fig.  459),  some  of  which  possess  a  gelati- 
nous capsule.  It  is  not  to  be  doubted  that  the  multiplication  of  the 
bacilli  in  the  cells  is  the  cause  of  the  degeneration  of  the  latter. 

Along  with  the  degenerated,  vacuolated  cells  there  occur  cells  of 
various  shapes  which  have  undergone  hyaline  degeneration  (Fig.  460, 
a,  b,  c,  d,  e).  These  also  contain  bacilli  with  and  without  capsules,  and 
also  coccus-like  forms.  These  cells  may  become  changed  into  non- 
nucleated  homogeneous  scales  by  the  loss  of  the  nucleus  (d).  Finally, 
there  are  also  cells  inclosing  hyaline  spherules  (Fig.  460,  /,  g),  and 
these  latter  are  also  found  lying  free  in  the  tissue  (h).  In  places  that 
are  not  yet  affected  with  scar-degeneration  the  hyaline  forms  may  be 
present  in  large  numbers. 


§  182.  The  actinomyces  or  ray=fungus  is  a  polymorphous  fission-fun- 
gus, which  appears  in  various  forms  of  growth  in  the  human  and  animal 
organism,  as  well  as  in  artificial  cultures.  It  is  the  cause  of  actinomy= 
cosis,  a  disease  which  occurs  in  man  as  well  as  among  cattle,  swine,  and 
horses,  and  which  is  characterized  by  a  progressively  advancing  Inflam- 
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mation  tliat   produces  in  part  granulations  and  connective  tissue,  in 

part   pus.     The  botanical  i^osition  of  the  fungus   is   still  in  dispute. 

Many  classify  it  among  the  thread-fungi.     It  seems  to  be  more  correct, 

however,  to  place  it  among  the 

]jolymor pilous     bacteria.      Bo- 

ström  classifies  it  in  the  group 

cladothrix. 

Areas    which    the    fungus 


Fig.  i61.  Fig.  462. 

Pig.  ^1.— Actinomyces  hominis.    Teased  preparation.    Magnified  800  diameters. 

Fig.  462.— Section  from  a  tongue  affected  with  actinomycosis.  (Alcohol ;  alum-carmine.)  a,  Actinomy- 
■ces  kernel  or  gland ;  ö,  cellular  nodule ;  c,  pus  corpuscles ;  d.  cross-section  of  muscles ;  c.  longitudinal  sec- 
tion ;  /,  cross-section  of  bands  of  connective  tissue  with  blood-vessels.    Magnified  200  diameters. 


forms  in  the  tissues  were  long  ago  observed  by  Langenbeck  and  Lebert, 
but  their  significance  was  not  riglith'  interpreted.  The  observations  of 
Hahn,  supplemented  by  the  investigations  of  Bollinger  and  Harz,  first 
led  to  a  correct  interpretation  of  the  ray-fungus  occurring  in  domestic 
animals.  Then  Israel  found  a  similar  fungus  in  man,  and  Ponfick  soon 
after  gave  his  opinion  in  favor  of  the  identity  of  actinomyces  of  cattle 
with  the  fungus  discovered  in  human  beings  by  Israel. 

According  to  the  investigations  of  Bostrom,  the  actinomj^ces  is  dis- 
tinguished from  the  bacilli  by  the  fact  that  in  cultures  on  beef's  blood- 
serum  and  on  agar-agar,  it  forms  branching  threads.  The  threads  of  the 
cultures  are  partly  straight,  partly  wavy,  sometimes  also  twisted  like  a 
screw.  They  break  up  by  transverse  division  into  short  rods  and  coccus- 
like forms  that  grow  out  again  into  threads  under  suitable  conditions. 

Within  the  human  and  animal  organisms  the  fungus  appears  in  areas 
which  may  be  in  the  form  of  little  granules  scarcely  recognizable  with 
the  naked  eye,  or  in  that  of  spherules  as  large  as  2  mm.  in  diameter. 
The  foci  may  be  colorless  and  translucent,  or  white  and  opaque,  some- 
times yellow,  sometimes  brown,  sometimes  green,  sometimes  yellowish- 
green  in  color.  Of  the  smaller  ones,  quite  a  number  consist  only  of  a 
mat  of  fine  threads,  some  of  them  branching,  others  straight  or  wavy  or 
coiled-up. 

Most  of  the  granules  contain,  moreover,  peculiar  club-shaped  forms 
(Fig.  461)  that  constitute  the  termination  of  the  threads ;  and  if  these 
club-shaped  forms,  are  present  in  large  numbers,  as  is  usually  the  case 
in  the  larger  foci,  they  have  a  radiated  arrangement  (Fig.  462,  a)  and 
lend  a  ray-like  appearance  to  the  fungus  colony.  Occasionally  there 
develop  hand-  and  fan-like  forms  on  the  ends  of  the  threads.  Accord- 
ing to  Bostrom,  all  these  peculiar  forms  result  from  a  swelling  of  the 
membrane  of  the  fungus  threads,  and  are  to  be  regarded  as  retrogressive 
forms  that  appear  upon  the  exhaustion  of  the  nutrient  material. 

The  actinomyces  is  usually  taken  up  with  the  food  or  with  the  re- 
spired air,  and  finds  its  first  development  often  in  the  cavity  of  the 
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mouth.  Since  the  threads  and  nodules  of  the  actinomyces  in  many 
respects  correspond  exactly  with  the  form  of  fungus  called  leptothrix, 
and,  moreover,  since  the  club-like  swellings  also  occur  on  the  ends  of  the 
threads  of  the  latter  (Israel),  it  is  difficult  to  determine  the  presence  of 
the  actinomyces  in  the  cavity  of  the  mouth,  in  which  situation,  more- 
over, it  seems  not  to  form  the  characteristic  nodules.  It  has  been  im- 
possible up  to  the  present  time  to  detect  the  organism  outside  the 
human  body.  But  it  must  be  remarked  that  often  little  bits  of  some 
higher  plants — the  beard  of  grain,  a  splinter  of  wood — have  been  found 
in  the  pus  from  an  actinomyces  focus,  and  that  swallowing  i)arts  of 
plants — a  spike  of  grain  (Bertha) — or  the  contamination  of  wounds  with 
vegetable  material,  preceded  actinomycosis  in  some  cases ;  so  that  it  is 
very  probable  that  the  fungus  occurs  upon  higher  plants  and  upon  wood. 
If  the  ray-fungus  succeeds  in  settling  in  a  tissue  it  calls  forth  an  in- 
flammation in  its  surroundings.  "While  the  germ  that  has  penetrated 
the  tissue  develops  a  mycelium  and  a  fungus-kernel  (Fig.  462,  a,  and 
Fig.  463,  a),  a  nodular  inflammatory  focus  forms  in  its  surroundings, 


Fig.  463.— Actinomycosis  of  the  lung.  (Alcohol;  carmine;  Gram's  method.)  a.  Fungus-kernel  or 
gland ;  h,  small-cell  nodule ;  c,  fibrous  tissue ;  d,  alveoli  filled  with  large  and  small  cells ;  e,  broncbiolus 
with  cellular-infiltrated  wall;  /,  small-cell  focus  in  tlie  neighborhood  of  the  bronchus,  e;  g,  alveoli  filled 
with  vascularized  connective  tissue :  h,  connective-tissue  hyperplasia  in  alveoli ;  *,  blood-vessels  of  the  lung; 
7«,  blood-vessels  of  the  inflamed  area.    Magnified  45  diameters. 


and  this  focus  consists  at  first  of  small,  round  cells  (Fig.  462,  h,  c,  and 
Fig.  463,  5),  but  later  may  also  contain  epithelioid  cells  and  giant  cells. 
The  fungus-kernels  may  multiply  in  the  interior  of  a  nodule  and  give 
rise  to  an  enlargement  of  the  latter,  and  it  very  often  happens  that  cellu- 
lar nodules  the  size  of  a  pea  and  larger  contain  a  large  number  of  fungus 
foci,  which  are  usually  situated  around  the  periphery.    At  the  same  time 
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new  fungus  foci,  and  consequently  new  cellular  foci,  may  appear  in  tLe 
neigliborlioocl.  The  further  S])i'ead  of  tlie  infection  takes  place  by  means 
of  small  rods  and  threads,  which  probably  break  off  from  the  larger 
masses  and  are  observed  partly  free  in  the  tissue,  partly  inclosed  in 
cells. 

Larger  nodules  often  undergo  in  time  in  the  middle  a  jjurulent 
melting  down,  and  so  lead  to  the  formation  ci  small  abscesses,  which 
may  join  together  to  form  large  2^us-cavities  or  sinuses.  In  the  neigh- 
borhood of  the  cellular  foci  (Fig.  463)  a  lively  hyperplasia  of  the  tissue 
quickly  develops,  and  this  leads  to  the  formation  of  vessels  (k)  and  of 
young  granulatio}i  tissue,  which  subse(iuently  becomes  conneciive  tissue. 
If  the  connective-tissue  hyperjDlasia  attains  very  considerable  propor- 
tions it  leads  to  induration  (Fig.  4(J3),  often  also  to  eulanjentent  of  the 
tissue.  The  hjperplasia  maj'  finally  i)enetrate  into  the  small-cell  foci 
and  supplant  these,  and  the  fungi  are  i^robably  destroyed  in  this  way. 

If  the  hyperplasia  gets  the  upper  hand  a  nodular  new  formation  of 
tissue  (Fig.  464,  a)  ensues  in  the  course  of  weeks  or  months,  and  in 
cattle  it  can  reach  the  size  of  a  man's  fist,  and  may  even  considerably 
exceed  this  size.  The  tumor  consists  partly  of  dense  connective  tissue, 
partly  of  granulation  tissue,  jjartly  of  a  tissue  in  a  transitional  stage 
between  these,. and  always  contains  small  cellular  foci,  or  even  cavities 
formed  by  disintegration,  with  fungus-kernels,  of  tlie  shape  already 
described,  lying  in  the  purulent  contents.  When  the  fungus  develops 
in  the  interior  of  the  jaw-bone  an  active  new  bone-formation  takes  place 
simultaneously  at  the  periphery  (Fig.  464,  a). 

If  the  destruction  of  tissue  and  pus-production  predominate  over  the 
hyperplasia  there  result  more  or  less  extensive  sinuous  cavities  and 
branching  fistulous  tracts  anastomosing  with  one  another.  The  walls 
consist  of  granulations  and  hyperplastic  connective  tissue,  and  here  and 
there  contain  fungus  foci.  The  clumps  of  fungi  may  become  partially 
calcified. 

In  cattle  the  process  is  situated  mainly  in  the  lower  jaw,  then  also  in 
the  upper  jaw  (Fig.  464,  a),  in  the  tongue,  in  the  throat-cavity,  in  the 
trachea,  in  the  oesophagus,  in  the  stomach,  in  the  intestinal  wall,  in  the 
skin,  in  the  lung,  and  in  the  subcutaneous  and  intermuscular  connective 
tissues.  It  leads  here  to  the  formation  of  more  or  less  extensive  nodular 
tumors  of  the  character  described,  and  was  formerly  given  various  names, 
such  as  osteosarcoma,  bone-cancer,  bone-tuberculosis,  abscess  of  the  jaw, 
wooden  tongue,  tuberculosis  of  the  tongue,  lymphoma,  fibroma,  worm- 
nodules,  etc.  In  man  the  infection,  so  far  as  is  known,  may  arise  from 
any  of  the  following  localities:  the  mouth,  the  fauces,  the  oesophagus, 
the  stomach,  the  intestine,  the  lungs,  or  some  external  spot  which  has 
received  an  injury.  In  the  first-named  locality  the  invasion  of  the 
actinomyces  takes  its  start  from  carious  teeth  (cavities  or  fistulae),  or 
from  any  injury  to  the  soft  parts  of  the  jaw  or  of  the  cheek.  Thence 
the  process  encroaches  upon  the  neighborhood,  and  may  finally  extend 
to  the  face  and  the  hairy  portions  of  the  head,  as  well  as  upon  the 
throat,  the  nape  of  the  neck,  the  back,  and  the  breast. 

Where  the  process  appears  for  the  first  time,  tumefactions  take  place 
that  subsequently  partially  soften  and  give  rise  to  fluctuation.  When 
the  latter  is  the  case,  pus  is  formed  that  is  sometimes  thin  fluid  and 
sometimes  more  stringy,  and  contains  the  characteristic  granules.  ^  If 
these  abscesses  break  externally,  fistulous  tracts  are  formed,  which 
either  close  again  or  continue  to  give  off  pus. 
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Accompanying  the  foci  of  suppuration,  wliicli  are  sometimes  small, 
sometimes  very  extensive,  there  is  formed  constantly  also  more  or  less 
granulation  tissue,  which  at  times  may  be  very  abundant.  In  conse- 
quence of  fatty  degeneration  and  disintegration  of  its  elements  the 
granulation  tissue  often  becomes  partially  whitish  or  yellowish  or  red- 
dish-white in  color,  and  permeates  the  morbid  tissue  in  an  irregular 
manner.  In  other  portions  it  returns  to  a  development  of  connective 
tissue,  especially  in  places  where  the  process  does  not  spread  any 
farther. 

By  this  development  of  connective  tissue  a  local  healing  of  the  proc- 
ess may  take  place,  leaving  behind  a  cicatricial  induration.  But 
usually  in  other  places  the  process  makes  further  progress,  and  under 
certain  circumstances  may  lead  to  very  extensive  destruction.  If  it 
should  encroach  upon  the  bones  of  the  spinal  column  or  of  the  breast- 
wall  these  become  roughened 
through  superficial  caries.  In  rare 
cases  the  jaw-bone  may  be  attacked 
from  the  inside,  as  from  an  alveo- 
lus, and  so  undergo  destruction. 
The  process  may  spread  inward 
from  the  base  of  the  skull  into  the 
interior  of  the  skull,  and  lead  to 
actinomycotic  meningitis  and  en- 
cephalitis. 

In  primary  infection  of  the  re- 
spiratory apparatus  the  process 
takes  the  form  of  bronchopneu- 
monic  inflammations  which  are 
characterized  by  the  formation  of 
nodules  (Fig.  463,  h),  and  the  lat- 
ter, at  an  early  stage,  assume  a 
yellowish-white  color  in  their  cen- 
tral portions.  Here  also  cavities 
may  be  formed  by  disintegration  of 

the  inflammatory  foci,  and  the  contents  of  these  will  be  found  to  consist 
of  fluid,  pus-corpuscles,  fatty  detritus,  fatty  globular  granules,  disinte- 
grated red  corpuscles,  and  masses  of  actinomyces.  The  tissue  lying  be- 
tween the  mycotic  foci  becomes  to  a  greater  or  less  extent  affected  with 
inflammatory  thickening  and  induration  (Fig.  463,  c),  and  may  change 
by  connective-tissue  hyperplasia  to  a  callous  slate-gray  or  gray-and- 
white-colored  mass  which  is  devoid  of  air  and  later  contracts.  In  this 
way  the  larger  part  of  the  lung  may  become  changed  into  a  mass  of  con- 
nective tissue. 

The  process  sooner  or  later  spreads  from  the  lung  to  the  visceral 
pleura,  and  thence  to  the  costal  pleura  or  over  to  the  pericardium.  In 
consequence  of  this,  inflammatory  exudations,  as  well  as  proliferative 
processes,  take  place  at  the  locations  mentioned,  and  lead  to  adhesions 
between  opposite  surfaces  of  the  pleura  and  of  the  pericardium.  The 
cellular  infiltration,  as  well  as  the  pus-formation  and  the  fatty  degenera- 
tion and  disintegration  of  the  granulation  tissue,  may  extend  between 
the  ribs  to  the  outside  from  the  costal  pleura,  and  spread  in  the  contig- 
uous soft  parts,  in  the  connective  tissue  and  muscles,  and  finally  break 
through  at  different  points  externally.  From  the  inside  of  the  lung 
occasionally  rupture  takes  place  into  the  mediastinum  and  pericardium, 


Fig.  464.— Frontal  section  through  the  nose  and 
upper  jaw  of  a  cow  affected  with  actinomycosis  in 
the  form  of  a  tumor,  a.  Nodule  consisting  of  con- 
nective tissue,  bone,  and  small  purulent  foci.  One- 
quarter  natural  size. 
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and  finally  into  the  heart.  Under  certain  circumstances  rupture  takes 
place  through  the  diaphragm  into  the  abdominal  cavity,  or  the  process 
spreads  from  behind  the  mediastinum  into  the  retroperitoneal  connec- 
tive tissue. 

The  secondary  areas  of  destruction  situated  outside  the  lung  often 
assume  perfectly  colossal  proportions,  whereas  in  the  lung  the  process 
may  spread  only  to  a  limited  extent  and  then  cicatrize.  At  one  time  the 
purulent  softening  predominates,  at  another  the  formation  of  granula- 
tions and  indurations. 

Actinomycosis  originating  in  the  intestinal  tract  begins  with  the 
formation  of  jjlaqae-shaped,  whitish  patches  of  the  fungus  (Chiari),  or. 
of  nodular  mucous  and  submucous  foci  (Zemann)  containing  the  fungus 
elements  and  leading  to  ulceration  by  undergoing  necrosis.  The  proc- 
ess spreads  from  the  intestine  to  the  peritoneum  and  the  retroperitoneal 
connective  tissue,  as  well  as  to  the  organs  adjacent  to  the  original  seat 
of  disease — e.g.,  the  liver.  It  finally  breaks  through  the  wall  of  the 
abdomen  to  the  outside.  Where  the  actinomyces  patches  develop,  the 
inflammatory  foci  of  hyperplasia  are  formed.  If  faecal  masses  get  into 
the  tissues  by  a  rui)ture  of  the  intestine,  faecal  abscesses  are  formed. 

31etastases  may  occur  in  the  course  of  the  local  disease,  and  this  may 
take  i:)lace  by  direct  rupture  of  the  fungus-growth  into  the  blood-vessel, 
although  this  is  rather  unusual.  From  the  intestines  usually  liver 
metastases  result;  from  the  lung  there  result  skin,  muscle,  bone,  brain, 
intestinal,  and  kidney  metastases.  The  metastatic  nodules  behave  like 
the  primary  foci.  In  rare  cases  primary  foci  of  actinomyces  occur  in 
the  internal  organs — e.g.,  in  the  brain  (Bollinger) — without  our  being 
able  to  discover  any  portal  of  entrance. 

Johne,  Ponfick,  Boström,  Wolff,  and  Israel  have  attempted  inocula- 
tion experiments  upon  animals,  and  several  of  them  (Johne,  Ponfick, 
Wolff,  and  Israel)  have  obtained  positive  results,  according  to  their 
statements.  Wolff  and  Israel,  by  the  inoculation  of  rabbits  and  guinea- 
pigs,  obtained  in  almost  all  cases  a  characteristic  morbid  condition, 
with  inflammatory  foci  containing  the  fungus-masses.  They  also  suc- 
ceeded in  cultivating  upon  agar-agar  the  fungus  which  they  had  taken 
from  the  tumors. 

A  few  years  ago  Eppinger '  found  a  fission-fungus  in  the  pus  of  an  old  brain-abscess 
which  led  to  death  by  meningitis.  The  fungus  is  to  be  classed  with  the  polymorphous 
bacteria.  Eppinger  called  it  cladothrix  asteroides,  and  determined  its  characteristics 
by  cultivation  and  inoculation  upon  animals.  The  disease  caused  by  the  fungus  may 
be  called  pseudotuberculosis  cladothrichica,  inasmuch  as  there  existed  in  the  lungs 
and  bronchial  glands  of  the  individuals  so  affected,  changes  similar  to  those  which  axe 
observed  in  tuberculosis,  and  also  since  a  disease  suggestive. of  tuberculosis  developed  ia 
guinea-pigs  and  rabbits  on  inoculation. 

Buchholtz'^  saw  in  a  lung  which  was  infiltrated  with  the  products  of  a  pneumonia, 
and  which  contained  a  large  cavity  with  ragged  walls,  the  diseased  lung-tissue  thickly 
crowded  with  fine,  branched,  and  many  times  broken  threads,  which  could  be  stained  by 
Gram's  method.  He  considers  the  fungus,  which  he  could  not  cultivate,  as  a  pathogenic 
streptothrix. 

According  to  Dunker^  and  Hertwig,-^  there  occm's  in  hogs  a  ray-fungus  which  is 
always  situated  in  the  muscles,  especially  the  intercostal  muscles  and  those  of  the  dia- 
phragm and  abdomen.     It  causes  a  degeneration  of  the  muscle-fibres  of  the  sui'rounding 

^  "  Ueber  eine  neue  pathogene  Cladothrix  und  eine  durch  sie  hervorgerufene  Pseudo- 
tuberculosis," Beiträge  zur  path.  Anat.  von  Ziegler.  ix.,  1891. 

2 "Ueber  menschenpathogene  Streptothrix,"  ZeitscTir.  f.  Syg..,  xxiv.,  1897 
^Zeitschrift  f.  Mikroskopie  und  Fleischschau,  iii..  1881. 
^Archiv/,  wissensch.  u.  p)rak.  Thierheilk.,  xii.,  1886. 
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neighborhood,  and  hyperplasia  of  the  connective  tissue.  The  masses  of  fungi  ure  also 
arranged  radiallj^,  forming  club  shapes.  They  readily  undergo  calcificatiou  and  then 
form  white  points  in  the  flesh. 

According  to  the  investigations  of  Kanthack, '  Boyce,^  and  Vincent,^  it  is  very  prob- 
able that  the  affection  known  as  Madura  disease,  or  Madura  foot,  or  mycetoma, 
observed  in  India,  represents  a  disease  caused  by  a  polymorphous  fission-fungus  nearly 
related  to  actinomyces  and  called  by  Vincent  streptothrix  Maduroe.  The  disease  consists 
of  a  gradual  swelling  of  one  of  the  extremities,  caused  by  nodular  deposits  which  turn  into 
abscesses  and  fistulous  tracts,  and  which,  on  pressure,  empty  peculiar  brown  or  black  fish- 
roe-  or  truffle-like  granules.  The  granules  contain  the  fungus.  Kanthack  even  regards 
the  fungus  as  identical  wnth  actinomyces ;  but  the  investigations  of  Vincent  and  Boyce 
do  not  agree  with  this  assumption.  According  to  Boyce,  the  streptothrix  Maduroe  forms 
two  varieties:  a  white  one  with  white  dichotomously  dividing  threads,  and  a  black  one 
with  branching  pigmented  threads.  Formerly  it  was  assumed  that  the  Madura  disease 
was  caused  by  a  thread-fungus,  the  Chionij]3he  Carteri,^  but  there  are  no  convincing  in- 
vestigations to  support  this  assumption. 

§  183.  In  addition  to  those  which  have  already  been  described  there 
is  a  large  number  of    bacilli  which   are  pathogenic  for  animals  and 

which  at  the  same  time  may  be  the  cause  of  infectious  diseases  in  the 
human  being.  The  most  important  animal  diseases  that  owe  their  origin 
to  bacilli  are  blackleg,  or  the  symptomatic  anthrax  of  cattle,  swine-ery- 
sipelas, swine-plague,  cattle-plague,  and  chicken-cholera. 

The  bacillus  of  blackleg  or  symptomatic  anthrax  (bact^rie  du  charbon  symp- 
tomatique)  is  a  staff  from  3  to  5  /i  long  and  from  0.5  to  0.6  fi  thick,  with  rounded  ends,  and 
sometimes  possessing  independent  motion.  According  to  the  investigations  of  Bol- 
linger, Feser,  Arloing,  Cornevin,  Thomas,  and  others,  it  occurs  constantly  in  blackleg. 

Blackleg  occurs  especially  in  young  cattle  and  lambs,  and  leads  usually  in  two  days 
to  death.  Anatomically  it  is  characterized  by  a  tumor-like  swelling  of  the  skin,  caused 
by  the  exudation  of  a  bloody  serous  fluid  in  the  subcutaneous  and  intermuscular  and 
muscular  connective  tissues,  as  well  as  by  the  evolution  of  gas  in  the  affected  portion. 
Bacilli  are  found  in  the  region  of  the  exudation  and  gas-production,  as  well  as  in  the 
spleen  and  liver.     They  are  not  stained  by  Gram's  method. 

According  to  Arloing,  Cornevin,  and  Thomas,  the  bacilli  may  be  cultivated  by  ex- 
clusion of  oxygen  in  chicken-broth  to  which  a  small  amount  of  glycerin  and  sulphate  of 
iron  is  added.  Kitasato  and  Kitt  cultivated  them  in  guinea-pig  broth,  agar,  and  gelatin 
by  excluding  oxygen.  They  grow  best  at  from  30'  to  38'  C,  and  form  spores  in  the  middle 
or  toward  the  ends  of  the  rods,  the  latter  becoming  somewhat  swollen  at  the  point  where 
the  spores  form.  Addition  of  sugar  or  glycerin  to  the  nutrient  medium  accelerates  the 
growth.  If  cattle  or  sheep  are  inoculated  with  bacilli  which  are  attenuated  by  heat  it 
is  possible  to  give  them  immunity  from  the  virulent  bacilli.  The  following  animals  are 
susceptible  to  the  bacilli  of  symptomatic  anthrax:  cattle,  sheep,  goats,  rabbits,  guinea- 
pigs,  hogs,  dogs,  cats,  chickens.  Black  rats  enjoy  immunity.  Horses  and  asses  assume 
an  intermediate  place. 

If  guinea-pigs  are  inoculated  with  virulent  material — for  example,  with  the  dried 
juice  of  the  muscle  of  cattle  that  have  died  of  blackleg — there  very  quickly  appears  a 
rapidly  spreading  swelling  which  starts  at  the  seat  of  inoculation,  and  is  caused  by  an 
infiltration  of  the  tissue  with  bloody  oedematous  fluid.  The  bacilli  spread  extraordi- 
narily quickly,  especially  in  the  subcutaneous  and  intermuscular  tissues,  and  they  also 
penetrate  into  the  muscles.  They  cause  severe  lesions  of  the  vessels,  leading  to  hemor- 
rhage and  to  the  exudation  of  a  serous  fluid  ;  after  a  time  an  abundant  emigration  of 
leucocytes  also  takes  place.  Guinea-pigs  usually  die  on  the  second  or  third  day  after 
the  swelling  has  spread  out  over  a  portion  of  the  body.  The  blood  usually  remains  free 
from  bacilli.     Spores  are  not  formed  in  the  living  body.^ 

^"Madura  Disease  and  Actinomyces,"  Journal  of  Pathology,  i.,  1892. 

2 "Upon  the  Existence  of  more  than  one  Fungus  in  Madura  Disease,"  Philos.  Trans.. 
vol.  clxxxv.,  1892;  ?ind  Hyg.  Rundschau,  1894. 

2"£tude  sur  la  parasite  du  pied  de  Madura,"  Annal.  de  Vlnst.  Pasteur,  1894. 

^Carter:  "Mycetoma,  or  the  Fungus  Disease  of  India,"  London,  1874;  Lewis  and 
Cunningham:  " The  Fungus  Disease  of  India,"  Calcutta,  1875;  Hirsch:  Virchow's  und 
Hirsch'' s  Jahresbericht,  1875  and  1876. 

5  Literature  :  Arloing,  Cornevin  et  Thomas  :  "  Le  charbon  symptomatique  du  boeuf," 
Paris,  1887;  Hess:  "Der  Rauschbrand,"  Thiermed.  Vortr.,l^o.  4,  1888;  Kitasato:  "Der 
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The  bacilli  of  swine=erysipelas  (Loffler,  Lydtin,  Schottelius,  and  Schuetz)  vary 

from  0.6  to  1.8  //  lojig.  At  temperatures  varying  from  18'  to  40'  C.  they  may  Ye  culti- 
vated in  bouillon,  in  a  mixture  of  meat  infusion,  peptone,  and  gelatin,  in  blood-serum, 
and  in  sour  milk.  In  gelatin  poured  out  on  plates  they  form  peculiar  radiating,  branch- 
ing figures.  In  stab-cultures  (Plate  I.,  Fig.  2)  whitish  rays  grow  out  from  all  sides  of 
the  line  of  inoculation  like  the  bristles  in  a  test-tube  brush.  The  bacilli  may  form 
pseudothreads  in  cultures.  Glistening  spherules  which  they  sometimes  inclose  are  re- 
garded as  spores.  With  the  pure  cultures  swine-erysipelas  can  be  reproduced  in  suscep- 
tible hogs.  House-mice  and  doves  die  in  from  two  to  four  days  after  inoculation,  and 
their  blood  contains  numerous  bacilli. 

On  inoculation  in  rabbits  anerysipelas-hke  inflammation  results,  which  leads  either 
to  general  infection,  with  fatal  termination,  or  to  recovery.  Guinea-pigs  and  chickens 
enjoy  immunity. 

According  to  investigations  of  Pasteur  and  Thuillier,  which  were  corroborated  by 
Schottelius  and  Schuetz,  the  toxic  power  of  the  bacillus  for  swine  decreases  by  continued 
reinoculation  into  rabbits.  Susceptible  hogs  inoculated  with  vaccine  attenuated  in  this 
way  do  not  die  from  the  inoculation,  and  become  insusceptible  to  the  fully  virulent 
bacilli. 

Swine-erysipelas  occurs  especially  among  young  highly  bred  (English)  hogs,  whereas 
the  common  breeds  are  entirely  or  nearly  immune.  The  disease  is  characterized  by  fever 
as  well  as  by  the  appearance  of  red  spots,  later  becoming  brown,  on  the  neck,  breast,  and 
abdomen.  At  times  intestinal  hemorrhages  occur.  More  than  half  of  the  infected  ani- 
mals die,  usually  in  a  few  hours  or  within  four  days.  The  autopsy  shows  swelling  of 
the  intestinal  mucous  membrane,  and  here  and  there  hemorrhagic  infiltration  ;  tume- 
faction of  the  follicles  and  ulcers,  especially  in  the  ileo-c^ecal  region  ;  swelling  of  the 
mesenteric  lymph-glands,  and  j)etechne  in  the  serous  membranes. 

The  bacilli  are  found  in  the  blood,  as  well  as  in  the  lymph-glands,  muscles,  spleen, 
and  kidneys,  where  they  also  lie  in  the  vessels.  jNIost  of  ihem  are  free,  but  some  of 
them  are  inclosed  within  the  leucocytes.     They  can  be  stained  by  Gram's  method.' 

The  bacillus  of  swine=plague  is  a  small  bacillus,  from  l.Oto  1.5  /j.  long,  rounded  at 
the  ends,  and  for  the  most  part  staining  only  at  the  ends.  It  resembles  the  bacillus  of 
chicken-cholera,  and  may  be  cultivated  on  various  artificial  media.  It  is  looked  upon 
as  the  cause  of  the  disease  known  in  Germany  as  Schweineseuche  or  Schweinepest,  in 
England  as  hog-cholera  or  swine-fever,  in  America  as  swine-plague  and  as  hog-cholera, 
in  Sweden  and  Denmaik  as  epidemic  swine-disease.  Yet  it  is  not  determined  whether 
the  epidemic  swine-diseases  of  the  different  countries  (with  the  exception  of  swine- 
erysipelas)  are  identical  one  with  the  other. 

The  anatomical  alterations  in  epidemic  swine-disease  vary  according  to  the  location 
of  the  infection.  In  the  lungs  are  found  multiple  necrotizing  or  hemorrhagic  pneumonic 
areas  and  pleiiritis.  Intestinal  infection  leads  to  hemorrhagic  and  diphtheritic  enteritis 
and  (in  chronic  cases)  to  caseating  inflammations,  which  are  accompanied  by  corre- 
sponding involvement  of  the  mesenteric  lymph-glands,  and  at  times  by  peritonitis  also. 
The  bacilli,  besides  being  found  in  the  diseased  areas,  are  in  acute  cases  also  in  great 
numbers  in-the  blood.  Swine,  guinea-pigs,  rabbits,  and  mice  are  susceptible  to  inocu- 
lations.- 

Chicken-cholera,  also  called  typhoid  of  fowls,  is  an  epidemic  disease  which  occurs  in 

I^anschbrandbacillus,"  Zeitsch.  f.  Hyg.,  vi.,  1889,  and  viii.,  1890;  Kitt :  "Der  Rausch- 
brand," Centralhl.  f.  Bakt.,  i.,  1887,  and  Deutsche  Zeitsch.  f.  Thiermed.,  xiii..  1887; 
Roger:  "Charbon  symptomatique,"  Rev.  de.  Med.,  1891;  Rogowitsch :  "Wirkung  der 
Rauschbrandbacillen,"  Beiträge  von  Ziegler,  iv. ,  1889. 

'Literature  of  swine-erysipelas :  Hess:  "Der  Stäbchenrothlauf  u.  die  Schweine- 
seuche," Thiermed.  Vortr. ,  i. ,  1888  ;  Kitt :  "  Der  Stäbchenrothlauf  der  Schweine  und  dessen 
Schutzimpfung,"  Ja/i?TS&.  d.  Thierarzneisch..  München,  1885-1886,  Leipzig,  1887  ;  Löflfler  : 
"Schweinerothlauf,"  ^rö.  a.  d.  k.  Ges. -Amte,  i.,  1885;  Lorenz:  "Schutzimpfung  gegen 
Schweinerothlauf,"  Centralhl.  f.  Bakt.,  xv.,  1894;  Lydtin  u.  Schottelius:  "Der  Rothlauf 
der  Schweine,"  Wiesbaden,  1895 ;  Schütz:  "Rothlauf  d.  Schweine,"  Arb.  a.  d.k.  Ges.-. 
Amte,  i.,  1885. 

'-'  Literature  of  swine-plague  :  Bleisch  u.  Fielder :  "  Schweineseuche,"  Zeitschr.f.  Hyg.. 
vi.,  1889;  Frosch:  "Ursachen  der  amerikanischen  Schweineseuche,"  Ze/^scÄr.  /.  Hyg., 
ix.,  1890  ;  Raccuglia:  "Bakt.  d.  amerikan.  Swine-plague  u.  der  deutschen  Schweineseu- 
che," Centralhl.  f.  Bakt.,  viii.,  1890  ;  Seiander  :  "  Swinpest."  J-Ji^i.  de  VInst.  Pasteur,  iv. 
Smith:"  The  Hog-cholera  Group  of  Bacteria,"  Centralhl.  f.  Bakt.,^\\.,  1894,  p.  231  ;rried- 
berger  u.  Fröhner  :  "  Pathol,  der  Hausthiere,"  1896  ;  "  Jahresbr.  von  Baumgarten  "  (Salmon. 
Billings,  Smith),  1886-1895  ;  Schütz  :  '=Scliweineseuche,"^r&.  a.  d.  k.  Ges. -Amte,  i..  1886  -, 
Silberschmidt:  "Swine-plague,  Hog-cholera,  Pneumoentöritis  des  Porcs."^)i?i.  de  Vlnst. 
Pasteur,  1S95  ;  Marek:  Histologie  der  Schweineseuche,"  ZeiYsc/«r. /.  Thiermed.,  i.  1897. 
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chickens.  The  bacillus  of  chicken=cholera  is  a  small  bacillus  from  1  to  1.2  /z  long,  often 
somewhat  constricted  in  the  middle.  It  was  first  studied  by  Perroncito,  and  then  by 
Toussaint,  Pasteur,  Ri volta,  Marchiafava,  Celli,  and  Kitt.  The  disease  is  characterized 
clinically  by  great  debility  and  stupor,  occasionally  also  by  diarrhoeal  intestinal  dis- 
charges ;  anatomically  by  swelling  of  the  spleen  and  liver,  by  hemorrhages  and  inflam- 
mations of  the  intestines,  frequently  also  by  pleuritis  and  pericarditis. 

The  bacilli  are  found  in  the  blood,  and  consequently  also  in  the  capillaries  of  the 
various  tissues.  They  may  be  cultivated  on  nutrient  gelatin,  on  blood-serum,  and  in 
neutralized  bouillon,  as  well  as  on  potatoes,  and  they  form  whitish  colonies.  By  in- 
oculating or  feeding  chickens  with  the  bacilli  typical  chicken-cholera  can  be  produced. 
Pigeons,  sparrows,  pheasants,  rabbits,  and  mice  are  susceptible  to  the  bacilli.  In 
sheep,  horses,  and  guinea-pigs  a  local  abscess  at  the  seat  of  inoculation  can  be  obtained. ' 

According  to  the  view  of  Voges,^  the  German  epidemic  swine-disease,  rabbit  septi- 
caemia, Wildseuche  (deer-disease),  BiifEelseuche,  chicken-  and  duck-cholera,  the  American 
swine-disease,  swine-fever  and  Prettchenseuche  (ferret  disease),  are  all  caused  by  the 
same  disease-producer — the  bacterium  of  hemorrhagic  septicaemia,  and  are  one  and 
the  same  disease,  to  which  he  and  Hueppe  give  the  name  of  hemorrhagic  septlccemia. 

The  bacillus  diphtheriae  columbarum  is  a  small,  slender  bacillus  which  Löffler^ 
isolated  from  the  exudate  of  a  pigeon  dead  of  diphtheria.  It  is  probably^  the  cause  of 
pigeon-diphtheria,  a  disease  resembling  human  diphtheria.  Löffler  was  able  to  repro- 
duce the  disease  in  pigeons,  but  not  in  chickens,  by  inoculating  pure  cultures  into  the 
mucous  membrane  of  the  mouth.  Mice  died  about  five  days  after  inoculation,  and  the 
bacilli  were  found  in  the  blood-vessels  of  all  the  organs. 

According  to  Löffler  (I.e.),  2ibacillus  is  also  found  in  the  diphtheria  of  calves;  but 
he  did  not  succeed  in  cultivating  it  pure  or  in  proving  its  pathogenic  significance. 

Diphtheria  of  fowls  and  diphtheria  of  calves  are  etiologically  different  from  the 
diphtheria  of  human  beings.^ 

Besides  the  above,  there  are  many  bacilli  which  have  been  described  as  the  cause  of 
diseases  occurring  among  animals.  Thus,  for  example,  according  to  Höflich,^  and 
Enderlen,''  the  frequently  occurring  pyelonephritis  of  cattle  is  caused  by  a  bacillus.  Like- 
wise, according  to  Nocard,^  the  worm-disease  of  the  ox,  which  formerly  occurred  fre- 
quently in  Prance,  and,  according  to  Oreste  and  Armanni,^  and  von  Ratz,'*^  the  plague 
occurring  among  the  Italian  buffalo,  known  as  the  harhone  dei  bufali,  are  caused  by  a 
bacillus  (considered  by  Voges  to  be  the  bacterium  of  hemorrhagic  septicaemia).  According 
to  Bang,''  bacilli  should  be  considered  the  cause  of  the  epidemic-like  abortion  of  cows. 
Siegel  and  Busenius'-'  have  described  a  bacillus  as  tlie  cause  of  foot-and-mouth  disease, 
but  according  to  C.  Pränkel  '^  its  pathogenic  character  remains  to  be  proven.  Whether  a 
micro-organism  described  by  Babes  and  Proca'-*  can  be  looked  upon  as  the  cause  of  foot- 
and-mouth  disease,  is  not  at  the  present  time  determined. 

^Literature:  Gamaleia:  "Aetiologie  der  Hühnercholera,"  Centralbl.  f.  Bakt.,  iv., 
1888;  Kitt:  "Geflügelcholera,"  Centralbl.  f.  Bakt.,  i.,  1887,  and  Deutsche  Zeitsch  f. 
Thiermed.,  xiii.,  1888;  Pasteur:  Compt.  rend.,  xc,  1880;  Wertheim:  "Cholera  galii- 
Jidvnm,^^  Archiv  f.  exper.  Path.,  2(5  Bd.,  1889;  Zürn:  "Die  Krankheiten  des  Hausge- 
flügels," Weimar,  1882. 

■■*"Krit.  Studien  u.  experim.  Untersuch,  über  die  Bakt.  d.  hämorrhag.  Septikämie 
und  die  durch  sie  bewirkten  Krankheitsformen,"  Zeitschr.  f.  Hyg.,  xxiii.,  1896. 

^ Mitthell  a.  d.  k.  Gesundheitsamte,  ii. 

^ Babes  and  Puscarin  :  "Untersuch,  über  die  Diphtherie  der  Tauben,"  Zei^sc^r.  /. 
Hyg.,  viii.,  1890. 

5  Esser:  "Ist  die  Diphtherie  des  Menschen  auf  Kälber  übertragbar?"  Fortschr.  d. 
Mei  ,  vi.,  p.  324;  Löffler:  Mittheil  a .  d.  k.  Gesundheitsamte,  1884;  Pütz:  Fortschritte  d. 
Med.,  V.,  p.  187. 

^ "  Die  Pyelonephritis  bacillosa  des  Rindes,"  Monatsch.  f.  prakt.  Thierheilk. ,  ii.,  ref. 
Centralbl.  f.  Bakt.,  x. 

''"Primäre  infectiöse  Pyelonephritis  beim  Rinde,"  D.  Zeitschr.  f.  Thiermed.,  xvii., 
1891,  ref.  Centralbl.  f.  Bakt.  x. 

^"Note  sur  la  maladie  des  bceufs  de  la  Guadeloupe  connue  sous  le  nom  de  Farcin," 
Ann.  de  V Inst.  Pasteur,  ii.,  1888. 

^"Studii  e  recerche  entormo  ol  barbone  dei  bufali,"  ref.  Centralbl.  f.  Bakt.,  ii.,  1887. 

'0 " Die  Barbonekrankheit,"  D.  Zeitschr.  f.  Thiermed.,  xxii.,  1896. 

""Aetiologie  des  seuchenhaften  Verwerfens,"  Zeitschr.  f.  Thiermed.,  i.,  1887. 

^2 "Krankheitserreger  der  Mund-  und  Klauenseuche,"  D.  med.  Woch.,  1897. 

i3«Der  Siegel'sche  Ba,cil\ns,^^  Hygien.  Rundschau,  vii.,  1897. 

^* "Aetiologie  der  Maul-  und  Klauenseuche,"  Centralbl.  f.  Bakt,  xxi.,  1897. 
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3.    The  Spirilla  and  the  Morbid  Processes  Caused  by  Them. 

(a)    General  Remarks  upon  the  Spirilla. 

§  184.  The  spirilla  or  spirillaceae  or  spirobacteria  are  divided  into 
two  genera,  one  of  them  called  SjjiriUtnn,  the  other  Spirochaete.  Many 
authorities  recognize  a  third  variety,  viz.,  that  of  vibrio. 

The  genns  Spirillum  is  characterized  by  the  formation  of  stiff,  short, 
shallow  spirals,  which  sometimes  have  flagella  and  possess  lively  mo- 
tion.     Wavy  staves  are  also  called  Vibriones  by 
*.     ^        r      r'L       iiiany  authors. 

*     ^      r      "^  Spirillam  siYe  vibrio  rmjida  (Fig.  465,  b)  forms 

/*   >  Xi     \  staves  from  6  to  16  i).  long  and  from  0.5  to  2.5  !>. 

*^  5  thick,  simply  bent  or  having  a  shallow  turn,  which 

move  themselves  by  means  of  a  fiagellum.     The 
spirillum  occurs  in  w^ater  from  swamps,  in  faeces, 
and  in  slime  from  the  teeth. 
FIG.   m.-spirnium  sive  SpiriJlHiii  ^\\Q  vibrio  Serpens  ioYm  i\\m  threads 

ZwiH  ((/((/»/rf,  ((,  obtained  from     irom  11  to  2o  fj-  loug,  With  three  or  lour  wavy 
^bop'pS  eSr™s°.'  dS     bands.     It  occurs  in  stagnant  fluids. 
{S/witL^^entrvA     ,      SpirilUmtemielx^^  threads  from  3  to  15  :,. 
Magnified  600  diameters.  lo^g,  very  thin,  With  irom  two  to  üve  spiral  turns. 

Spirillum  iindula  (Fig.  465,  a)  is  a  thread  1  or 
1.5  !>.  thick  and  from  8  to  12  /'  long,  bearing  on  its  end  a  fiagellum  and 
having  from  one  and  a  half  to  three  turns.  It  occurs  in  various  putre- 
fying fluids  and  executes  rapid  twisting  and  darting  motions. 

SpirilUun  volutans  possesses  threads  1.5  or  2  [j.  thick  and  from  25  to 
30  !i  long,  with  from  two  and  a  half  to  three  and  a  half  turns,  bearing  a 
fiagellum  at  both  ends. 

The  species  Spirochaete  (Fig.  468)  is  characterized  by  fiexible,  long, 
sharply  turned  spirals. 

Spirochaete  ijlicatilis  forms  threads  from  100  to  225  !j-  long,  very  fine 
and  closely  turned.  It  is  very  abundant  in  water  from  marshes  and 
gutters,  and  executes  very  rapid  movements. 

Spirochaete  buccalis  sive  denticola  is  from  10  to  20  !>■  long,  j^ointed  at 
both  ends,  and  is  not  infrequently  observed  in  the  secretion  from  the 
cavities  of  the  mouth  and  nose  (cf.  Fig.  176).  It  seems  to  have  no 
pathogenic  significance. 

The  spirilla,  so  far  as  they  are  not  pathogenic,  are  little  known,  and 
investigations  particularly  as  to  their  life-history  are  w^anting.  They 
are  present  in  large  numbers  in  the  contents  of  privy-vaults.  Accord- 
ing to  Prazmowski,  spirillum  rugula  caases  decomposition  of  cellulose 
and  forms  spores  at  the  ends  of  the  spirilla.  According  to  Weibel,  a 
vibrio  which  occurs  in  nasal  slime  has  manifold  forms  of  growth. 
Esmarch  succeeded  in  cultivating  a  spirillum,  called  by  him  spirillum 
rubrum,  in  the  different  ordinary  media.  In  bouillon  it  forms  spirals 
of  from  forty-three  to  fifty  turns.  Short  spirilla  execute  lively  motions, 
but  long  spirilla,  on  the  contrary,  sluggish  motions,  or  they  may  be 
motionless.  Colonies  in  solid  media  are  at  first  pale,  but  assume  after- 
ward in  portions  not  in  contact  with  air  a  wine-red  color.  In  spirilla 
of  old  cultures  three  or  four  dull,  glistening  spots  occur  that  do  not  stain 
and   are  jDrobably  to  be   interpreted  as   spores.     Cultures   containing 
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spirilla  of  tliis  kind  are  more  resistant  to  drying  than  others;  but  they 
are,  on  the  contrary,  very  easily  killed  by  heat. 

The  long  spirals  may  break  np  into  short  segments  possessing  only 
about  three-quarters  of  a  turn,  and  these  grow  out  in  length  and  again 
divide. 

Kitasato  and  Kutscher  have  also  succeeded  in  cultivating  spirilla. 


(b)    The  Pathogenic  Spirilla. 

§  185.  Spirillum  cholerse  Asiaticas  (or  vibiHo  cJiolerce),  also  called 
comma-bacillus  (bacille  virgule  cJiolerighie),  was  discovered  by  R.  Koch 
in  1884  and  recognized  as  the  cause  of  Asiatic  cholera  (Fig.  382) .  It 
forms  a  small,  comma-shaped,  curved  staff  from  0.8  to  2  /j-  long  (Fig. 
466). 

Cultures  of  the  cholera-spirilla  are  obtained  upon  a  great  variety  of 
slightly  alkaline  media.  The  temperatures  favorable  for  their  growth 
are  between  25°  and  30°  C.  Between  16°  and  8°  C.  they  are  still  capable 
of  puny  development. 

On  gelatin  plates  they  form  round,  flat,  yellowish  discs  which  liquefy 
the  gelatin  only  slowly.  With  low  magnifying  powers  they  appear  ir- 
regular in  outline,  and  the  surface  granular  or  grooved  and  rough ;  it 
conveys  the  impression  as  if  the  surface  were  strewn  with  small  particles 
of  glass  (Koch).  By  the  liquefaction  of  the  gelatin  in  the  immediate 
neighborhood  a  funnel-shaped  cavity  is  formed,  and  the  colony  sinks 
down  finally  to  the  bottom  of  the  cavity. 

Stab-cultures  in  gelatin  form  in  two  days  a  whitish  cord  correspond- 
ing to  the  line  of  inoculation  (Plate  I.,  Fig.  3).  The  gelatin  becomes 
liquefied  immediately  around  the  line  of  inoculation.  The  canal  widens 
out  upward  into  a  funnel  filled  with  liquefied  gelatin  below  and  with  air 
above.  The  widening  of  the  funnel  of  the  canal  of  inoculation  takes 
place  slowly,  so  that  its  edge  reaches  the  wall  of  the 
tube  only  after  five  or  six  davs.  "^v.  '^       ^^      ^ 

On  potatoes  at  from  30°  to  35°  C.    the  spirilla        "  c/    i    -»"  x 
form    light-brown   cultures,   on    agar-agar    grayish-  (»>    -^     "^^ 

yellow  slimy  cultures.      They  grow,   moreover,  also         '^^-'^    ""-oj^^ 
in  bouillon,  blood-serum,  and  milk. 

They  do  not  increase  in  i^ure  water  (Bolton),  but  fig.  466. -choi era- 
do  so  in  water  that  is  contaminated  with  substances  ture."^covS-giass^prep- 
which  furnish  nutrient  material.  ^  ^^^^^^  Signmed'loo 

The  cholera-spirilla  are  aerobic,  but  they  also  are  diameters. 
able  to  grow  when  oxygen  is  cut  off.  According  to 
the  investigations  of  Hueppe,  cultivation  in  the  presence  of  a  paucity 
of  oxygen  increases  the  toxic  power  of  the  cultures ;  but,  on  the  contrary, 
the  resisting  power  against  injurious  agents — e.g.,  against  acids  and 
similar  substances — is  diminished;  with  free  admission  of  oxygen  the 
reverse  takes  place.  Pfeiffer,  however,  found  that  young  cultures  cul- 
tivated in  oxygen  also  contained  poison.  The  spirilla  present  in  fresh 
dejecta  are  easy  to  kill  (Hueppe)  and  but  little  suited  for  infection, 
whereas  the  growth  of  the  spirilla  outside  the  body  increases  their  re- 
sisting power  against  the  stomach-juices,  etc.,  and  makes  them  more 
suitable  for  the  infection  of  new  individuals.  They  are  readily  de- 
stroyed by  desiccation  in  free  air  (Guy on),  by  high  temperatures,  and 
by  boiling  for  a  short  time.     They  are  easily  supplanted  by  saprophytic 
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bacteria  when  tlie  nutrient  material  and  the  temperature  are  not  en- 
tirely suitable.  In  privy-soil  tliey  die  out  quickly,  according  to  Koch. 
They  are  readily  destroyed  by  acids,  corrosive  sublimate,  and  carbolic 
acid.  According  to  the  observations  of  Koch,  they  can  be  preserved 
in  well-water  thirty  days,  in  sewage  seven  days,  on  moist  linen  three  or 
four  days.  Nicati  and  Eietsch  found  them  alive  after  eighty-one  days 
in  water  taken  from  the  harbor  of  Marseilles. 

In  cultures  they  form  sometimes  short  rods  more  or  less  curved  (Fig. 
466)  and  often  hanging  together  in  twos,  sometimes  long  spirals.  Along 
with  these  forms  there  also  occur  straight  staves,  and  sometimes  the 
majority  of  the  rods  that  are  present  show  the  curve  only  imfjerfectly 
or  not  at  all.  In  fluid  media  to  which  oxygen  has  access  the}'  show  live- 
ly motility,  which  is  easily  seen  in  a  hanging  drop.  According  to  the 
investigations  of  Loffler,  the  motility  is  caused  by  a  siugle  flagellum  on 
one  end. 

When  the  nutrient  material  is  exhausted  to  a  certain  extent,  involu- 
tion-forms often  appear,  in  which  the  rods  are  sometimes  shruuken, 
sometimes  swollen,  thus  causing  them  to  present  a  variety  of  forms. 
Globular  swelling,  as  well  as  uncolored  places  (in  stained  preparations) 
caused  by  degeneration,  have  often  been  erroneously  regarded  as  phe- 
nomena of  fructification.  Formation  of  spores  has  not  been  proved.  If 
hydrochloric  or  sulphuric  acid  is  added  to  cultures  of  the  cholera-bacilli 
in  culture-media  containing  peptone,  the  cultures  assume  a  rose  or  Bur- 
gundy-red color,  due  to  the  formation  of  a  coloring-matter — cholera  red. 
A  suitable  culture-medium  for  this  reaction  is  a  meat-infusion  containing 
peptone,  or  a  one-per-cent  solution  (rendered  alkaline)  of  peptone  con- 
taining one  per  cent  of  salt.  According  to  Salkowski,  this  is  a  nitroso- 
indol  reaction. 

When  they  get  into  the  intestinal  tract  of  human  beings  the  spirilla 
develop  in  the  small  as  well  as  in  the  large  intestines,  so  far  as  they  are 
not  destroyed  by  the  action  of  the  gastric  juice  and  are  not  hindered  in 
their  development  by  other  influences.  Their  growth  is  followed  by  an 
extensive  transudation  from  the  intestinal  mucous  membrane,  so  that 
the  intestine  is  filled  with  a  fluid  resembling  meal-soup  or  rice-water,  in 
which  flakes  of  desquamated  and  slimy  epithelial  cells  float  about. 

The  spirilla  are  always  present  in  large  numbers  in  the  contents  of 
the  intestine,  and  are  also  found  in  the  lumina  of  the  intestinal  glands, 
and  they  may  penetrate  from  there  between  and  under  the  epithelial  cells. 

In  fresh  cases  the  presence  of  the  spirilla  may  be  demonstrated 
usually  by  making  a  cover-glass  preparation  stained  with  methylene 
blue  or  with  fuchsin.  The  fresh  dejecta,  as  well  as  foul  clothing,  are 
suitable  for  the  examination,  since,  according  to  Koch's  observations, 
the  spirilla  can  multipl}^  for  a  while  vigorously  on  moist  linen  and 
moist  earth.  In  old  cases  the  detection  of  the  spirilla  is  more  difficult, 
but  nevertheless  succeeds  in  all  cases,  according  to  a  number  of  authors, 
and  is  attainable  most  surely  by  making  plate-cultures.  In  order  to 
facilitate  the  separation  of  the  cholera-spirilla  from  the  other  intestinal 
bacteria,  Schottelius  recommends  the  mixing  of  the  dejecta  with  double 
the  amount  of  meat-infusion  rendered  slightly  alkaline,  and  allowing  the 
mixture  to  remain  uncovered  at  a  temperature  of  from  30°  to  40°  C.  for 
twelve  hours.  The  spirilla,  requiring  oxygen  as  they  do,  develop  es- 
pecially on  the  surface,  and  may  be  easily  transferred  thence  to  plate- 
cultures.  Koch  recommends  for  this  purpose  a  solution  of  peptone 
with  salt. 
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The  presence  of  cliolera-spirilla  iu  the  intestines  excites  inflamma- 
tion, which  finds  expression  at  the  start  in  reddening,  swelling,  transu- 
dation, mucoid  degeneration  of  the  epithelium,  and  desquamation;  sub- 
sequently also  in  hemorrhages,  formation  of  sloughs,  and  ulceration.  It 
is  characterized  constantly  by  a  more  or  less  abundant  cellular  infiltra- 
tion of  the  tissues.  The  solitary  follicles  and  Peyer's  plaques  are 
swollen  even  in  fresh  cases.  Death  may  take  place  in  a  few  hours  or  in 
from  one  to  three  days.  If  the  disease  lasts  longer  the  contents  of  the 
intestines  become  more  consistent  and  the  intestinal  mucous  membrane 
shows  ulcerative  changes. 

According  to  present  experience,  the  spirilla  produce  poisonous  sub- 
stances which  cause  local  damage  to  the  mucous  membrane  of  the  intes- 
tinal canal,  phenomena  of  intoxication,  and  paralysis  of  the  vessels.  In 
the  liver  and  kidneys  there  often  result  small  foci  of  degeneration,  and 
within  these  the  cells  of  the  glands  are  cloudy  or  fatty  and  affected  with 
hyaline  degeneration  or  necrosis.  Moreover,  the  kidneys  very  often 
show  cloudiness  caused  by  toxic  degeneration  of  the  epithelium ;  also 
there  is  occasionally  swelling  of  the  cortex.  Frequently  there  are  also 
ecchymoses  in  the  epicardium ;  in  the  later  stages  also  patches  of  necrosis 
in  the  mucous  membrane  of  the  vagina.  The  presence  of  the  sjnrilla  for 
a  long  time  in  the  intestines  may  be  followed  by  the  formation  of  ulcers. 
Eventually  they  are  crowded  out  by  the  putrefactive  bacteria  present  in 
the  intestines,  and  die  out.  A  new  intoxication,  not  dependent  upon 
the  original  spirilla,  may  result  from  absorption  of  the  products  of 
putrid  decomposition. 

According  to  Koch,  Nicati,  and  Rietsch,  the  cholera-bacilli  may  be 
contained  in  the  material  vomited.  Nicati,  Rietsch,  Tizzoni,  and  Cat- 
tani  also  found  them  in  the  ductus  choledochus  and  in  the  gall-bladder. 
According  to  the  statement  of  these  authors,  the  sjjirilla  do  not  usually 
get  into  the  blood,  and  are  also  absent  from  the  internal  organs ;  never- 
theless, in  cases  of  severe  infection,  they  may  gain  access  to  all  parts  of 
the  body. 

Koch  detected  the  spirilla  in  a  tank  in  India  which  furnished  the 
inhabitants  with  their  entire  supply  of  water  for  drinking  and  other 
purposes  at  a  time  when  a  part  of  the  inhabitants  were  sick  and  dying 
of  cholera.  Since  then  they  have  been  often  detected  during  cholera 
epidemics  in  water-supplies. 

According  to  the  investigations  of  Nicati,  Rietsch,  van  Ermengem, 
and  Koch,  symptoms  resembling  cholera  can  be  produced  in  experi- 
mental animals  by  the  introduction  of  cholera-spirilla  into  the  intestinal 
canal.  This  succeeds  when  cultures  are  introduced  directly  into  the 
duodenum  or  small  intestines  (Nicati  and  Rietsch);  also  (Koch)  by 
rendering  the  gastric  juice  of  the  animals  (guinea-pigs)  alkaline  with  a 
five-per-cent  solution  of  soda,  then  quieting  the  bowels  by  injecting  into 
the  abdominal  cavity  1  c.c.  of  tincture  of  opium  to  every  200  gm.  of 
weight  of  the  animal,  and  finally  introducing  one  or  several  drops  of  a 
pure  culture  into  the  stomach. 

Animals  inoculated  in  this  waj^  die  with  severe  symptoms  of  collapse. 
The  small  intestines  are  found  to  be  filled  with  a  watery,  flocculent  fluid 
containing  numbers  of  spirilla;  the  intestinal  mucous  membrane  is 
reddened  and  swollen. 

Asiatic  cholera  is  endemic  in  Lower  Bengal,  and  never  entirely  dis- 
appears there.  Thence  it  spreads  at  times  over  India  and  over  a  larger 
or  smaller  territory  of  the  earth  by, transportation.     Since  the  spirilla 


528  SPIRILLUM    OF   FIXKLER   AND   PRIOR. 

easily  perish  outside  the  bod}',  the  transportation  must  be  effected 
mainly  bj^  jjersons  suffering  from  cholera.  Infection  probably  occurs 
exclusively  from  the  intestinal  canal  by  the  introduction  of  infected 
beverages  or  food  or  some  other  substance  into  the  mouth.  But  it  is 
certain  that  the  introduction  of  cholera-spirilla  into  the  intestinal  canal 
is  not  always  followed  by  the  disease. 

Moreover,  it  not  infrequently  happens  that  the  spirilla  increase  in 
the  intestines,  but  cause  onlj-  slight  changes,  so  that  the  infected  per- 
son suffers  no  severe  trouble,  and  the  diagnosis  can  be  made  only  by  the 
detection  of  the  spirilla  in  the  stool. 

If  the  cholera-spirilla  get  into  the  drinking-water  or  water-supph'  in 
general,  and  succeed  in  multiplying,  the  cholera  may  develop  with  ex- 
traordinary rapidity  in  the  locality.  If,  on  the  contrary,  the  infection 
follows  by  direct  or  indirect  contagion  from  one  person  to  another,  the 
spread  takes  i)lace  more  slowly,  since  it  is  limited  to  those  who  come  in 
contact  with  the  sick  person  or  with  the  articles  contaminated  by  the 
latter.     The  period  of  incubation  lasts  one  or  two  days. 

In  the  intestines  of  convalescents,  according  to  investigations  of 
Kolle,  the  spirilla  may  continue  to  live  for  a  long  time  and  to  multiply, 
without  giving  rise  to  any  symptoms  that  point  to  their  presence.  Kolle 
was  able  to  detect  them  in  a  number  of  cases  after  from  five  to  eighteen 
days,  and  in  some  cases  even  after  from  twenty  to  forty-eight  days. 

Once  recovered  from  the  disease,  the  affected  individual  enjoys  im- 
munity for  a, certain  length  of  time.  This  immunity  is  to  be  ascribed 
to  the  presence  in  the  body  of  bactericidal  substances ;  and  by  means 
of  these  same  substances  it  is  possible  to  protect  the  body  against  an 
attack  of  cholera.  In  those,  how^ever,  who  have  already  contracted  the 
disease,  this  protective  effect  is  of  no  avail  (compare  §  30). 

The  poison  which  the  cholera-spirilla  produce,  and  which  mainly  causes  the  symp- 
toms of  cholera  infection,  is  unknown.  Gamaleia  believes  that  it  is  a  nucleo-albumin, 
Scholl  that  it  is  a  peptone  (cholera  toxopeptone).  Pfeiffer  is  of  the  opinion  that  it  is 
a  component  part  of  the  cell-body.  According  to  Metschnikoff  and  others  it  is  excreted 
by  the  cells.  Emmerich  andTsubol  seek  to  prove  that  the  morbid  phenomena  in  cholera 
are  due  to  a  nitrite-poisoning.  They  call  attention  to  the  fact  that  nitrites  in  small 
doses  cause  retching,  vomithig,  discharge  of  thin-gTuel  faeces,  fall  of  temperature,  weak- 
ness of  the  heart,  cyanosis'  and  cramps  of  the  extremities  and  muscles  of  the  neck — in 
other  words,  symptoms  resembling  an  attack  of  cholera  ;  and,  moreover,  that  the  cholera- 
spirilla  are  able  to  make  nitrites  out  of  the  nitrates  contained  in  nutrient  substances. 

The  virulence  of  cholera-cultures  differs  greatly,  according  to  the  source  and  the  age. 
With  increasing  age  the  virulence  decreases.  Guinea-pigs,  although  very  susceptible  to 
intraperitoneal  infection  with  cholera,  may  be  protected  from  infection  by  intraperito- 
neal inoculation  with  attenuated  cultures  ;  but  no  absolute  immunity  can  be  brought 
about  in  this  way.  Blood-serum  of  human  beings  that  have  recovered  from  an  attack  of 
cholera  shows  protective  properties  for  guinea-pigs  some  weeks  after  the  attack. 

The  production  of  the  nitroso-indol  reaction  in  cultures  of  the  cholera-spirilla  is 
due  to  the  fact  that  the  cholera-spirilla  not  only  produce  indol  in  peptone  solution,  but 
also  nitrites.  For  this  reason,  nitrous  acid  is  liberated  by  the  addition  of  hydrochloric 
or  of  sulphuric  acid,  and  makes  a  red  color  with  the  indol.  With  the  Finkler  spirillum, 
the  spirillum  of  MetschnikofE,  and  the  spirillum  of  Deneke,  which  also  produce  indol, 
the  red  color  of  the  cultures  occurs  only  when  potassium  nitrite  is  added  along  with 
sulphuric  acid,  or  when  nitrous  acid  is  added. 

The  following  spirilla  resemble  the  cholera=spirilla : 

L  Spirillum  of  Finkler  and  Prior,  found  by  the  authors  named  in  the  dejecta  of 
persons  suffering  from  cholera  nostras,  when  these  have  stood  for  some  time  in  a  vessel. 
The  spirilla  are  very  much  like  the  cholera-spirilla,  only  somewhat  longer  and  thicker. 
In  plate  cultures  they  are  distinguished  from  the  latter  in  that  the  small  colonies  are  not 
distinctly  gi-anular  and  have  a  sharp  contour.  Gelatin  is  rapidly,  not  slowly,  liquefied 
and  consequently  after  twenty-four  hours  a  sac-like  tube  (Fig.  467)  filled  with  a  cloudy 
fluid  is  formed  in  stab-cultures  and  rapidly  spreads  to  the  walls  of  the  tube. 
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According  to  Flügge,  even  in  forty-eiglit  hours  at  room-temperature  they  form  a 
grayish-yellow  slimy  coating,  sharply  marked  off  from  the  substance  of  the  potato  by  its 
whitish  border  ;  whereas  the  cholera-spirilla  do  not  grow  at  room- 
temperature  at  all,  and  at  a  higher  temperature  form  a  brown 
coating. 

They,  moreover,  cause  a  foul-smelling  decomposition  and 
are  rather  resistant  to  drying.  When  introduced  into  the  intes- 
tines of  guinea-pigs  by  the  method  above  described,  they  operate 
similarly  to  the  cholera-spirilla,  but  less  intensely. 

It  is  very  questionable  whether  the  Finkler-Prior  spirilla 
have  pathological  significance  for  cholera  nostras,  since  the  de- 
jecta from  which  the  investigators  made  their  culture  were  not 
fresh,  and  other  authors  in  similar  cases  have  not  found  the 
spirilla.'  Knisl^  found  them  in  the  contents  of  the  caecum  of  a 
suicide. 

2.  Spirillum  tyrogenum,  found  in  cheese  by  Deneke^  in 
Flügge's  Institute,  is  also  very  much  like  the  cholera-spirillum, 
but  it  is  somewhat  smaller  and  the  long  spiral  threads  are  more 
narrowly  wound.  Cultures  on  gelatin  plates  form  at  first  sharply 
contoured  discs  that  appear  dark  with  lower  magnifying  powers. 
They  liquefy  the  gelatin  much  more  quickly  than  do  the  Koch 
spirilla.  In  the  line  of  puncture  they  behave  similarly  to  the 
Finkler-Prior  spirilla,  but  do  not  grow  on  potatoes. 

3.  Spirillum  sputigenum  is  a  spirillum  whose  shape  is  that 
of  a  curved  staff,  somewhat  longer  and  thinner  than  the  cholera- 
spirillum.  It  occurs  in  saliva  and  cannot  be  cultivated  on  the 
media  that  are  in  use. 

4.  Vibrio  of  Metschnikoff^  is  a  fission-fungus  that  Gamaleia  i|  il;  |ij 
was  able  to  isolate  in  an  epidemic  of  chickens  in  Odessa  which 
was  characterized  by  the  appearance  of  diarrhoea  and  enteritis. 
On  cultivation  it  shows  very  great  resemblance  to  the  Koch  spiril- 
lum. The  spirillum  is  most  easily  obtained  pure  by  inoculating 
pigeons  with  the  blood  of  diseased  chickens.  The  pigeons  die  in 
from  twelve  to  twenty  hours  and  show  the  spirilla  in  the  blood 
and  in  the  intestinal  tract. 

§  186.  The  spirochaete  Obermeieri  (Fig.  468)  is 

found  constantly  in  the  blood  of  patients  suffering 

from  relapsing  fever  during  the  attack  of  fever,  and 

the  multiplication  of  these  organisms  in  the  body  is 

the  cause  of  the  disease. 

The    spirochaete   is  from  16  to  40  ß    long  and 

possesses  numerous  turns, 
of  blood  it  exhibits  lively 
and  Koch  succeeded  in  producing  the  disease 
by  inoculating  apes  with  the  spirochaete; 
but  nothing  definite  is  known  as  to  its  mode 
of  development  and  habitat  outside  the 
blood.  It  is  also  unknown  where  it  or  its 
spores  are  to  be  found  in  the  afebrile  stages 
of  the  disease.  In  apes  an  attack  of  fever 
occurs  only  after  several  days  have  elapsed 
since  the  subcutaneous  injection  of  blood 
containing  the  spirochaete.      According  to 

the  pathologico-anatomical  results  observed  in  man,  it  is  to  be  noted 


Fig.  467.  —  Stab -cul- 
ture of  the  Finkler-Prior 
bacillus  in  gelatin. 


In  a  fresh  drop 
motion.     Carter 


Fig.  i68.~Spirochaete  Obermeieri 
from  the  blood  of  a  person  suffering 
from  relapsing  fever.  (From  a  dried 
preparation  treated  with  methyl  vio- 
let.)   Magnified  500  diameters. 


^  Kartulis  :  "Zur  Aetiologie  der  Cholera  nostras,"  Zeitschrift  f.  Hyg.^  vi.,  1889. 

2  Münchener  ärztliches  Intelligenzblatt ^  1885. 

^  Deutsche  med.  Wochenschrift.,  1885. 

^Ganialeia:  ''■Vibrio  Metschnikovi  et  ses  rapports  avec  le  microbe  du  cholera  asi- 
atique, "  Ann.  de  V Institut  Pasteur,  ii.,  1888;  iii.,  1889;  and  Pfeiffer,  "Ueber  den 
Fiöno  Jfe^scAwiA:oüi  und  sein  Verhältniss  zur  Cholera  asiatica,"  Zeitsch.f.  Hyg.,  tu.,  1889. 
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that  tlie  spleen  is  enlarged  and  often  contains  numerous  yellowisli  foci 
of  degeneration,  and  often  also  anaemic  infarctions. 

According  to  the  investigations  of  Kikiforoff,  the  histological  exami- 
nation of  the  spleen  reveals  extensive  necrosis  of  cells  and  cell-degene- 
ration (Fig.  469,  c),  as  well  as  exudation  of  fibrin  in  the  veins  of  the 
pulp  and  hyperplastic  processes  in  the  cells  of  this  part  of  the  spleen. 

/ 


Fig.  469.— Portion  of  the  tissue  and  isolated  cells  from  a  follicle  of  the  spleen  which  has  uudergone  par- 
tial necrosis;  from  a  case  of  relapsing  fever.  (From  Xikiforoff.)  (Bichromate  of  potassium  and  sublimate 
solution;  methylene  blue.)  a.  Free  spirilla  ;  h,  lymphocytes  containing  spirilla;  c,  non-nucleated  l\Tnpho- 
cytes ;  d,  large,  e,  small  pulp  cell  with  only  one  nucleus  ;  /,  phagocytes  which  contain  leucocytes  and  red 
blood-corpuscles,  and  debris  of  the  same ;  y,  free  red  blood-corpuscles.    Magnified  about  COO  diameters. 


Moreover,  numerous  large  pulp-cells  inclose  decolorized  red  blood-cor- 
puscles or  fragments  of  these.  Finally,  numerous  spirilla  are  found, 
especially  in  places  which,  while  not  entirely  necrotic,  nevertheless 
contain  degenerated  and  necrotic  cells,  partly  free,  partly  inclosed  in 
leucocytes.  Of  the  remaining  cells  some  are  well  preserved,  while 
others  are  just  beginning  to  show  signs  of  disintegration. 

For  staining  this  variety  of  spirilla  in  preparations  dried  on  cover- 
alkaline  methvlene  blue  and  fuchsin  are  most  suitable. 


CHAPTER  X. 

MouId=fungi    and   Yeast=fungi,  and  the  Diseases 
Caused   by  Them. 

§  187.  nould=fungi  and  yeast=  or  budding=fungi  belong  to  the  non- 
clilorophyl-beai'ing  thallophytes,  as  tlie  fission-fungi  do.  They  have 
no  near  connection,  particularly  in  the  phylogenetic  sense,  with  the  fis- 
sion-fungi. On  the  other  hand,  they  stand  in  very  close  relationship 
with  one  another. 

Mould-fungi  and  yeast-fungi,  like  the  fission-fungi,  are  compelled  to 
derive  their  nutrition  from  organic  substances  containing  carbon.  The 
majority  find  it  in  dead  organic  substances,  and  therefore  belong  to  the 
saprophytes.  Some  of  them  are  capable  of  deriving  nutrition  from  living 
tissues,  and  are  to  be  classed,  occasionally  at  any  rate,  as  -parasites.  In 
human  beings  both  kinds  occur. 

Outside  the  organism  the  mould-fungi  are  universally  known  as  the 
producers  of  the  different  mouldy  coverings  that  so  often  develop  on 
organic  substances.     They  belong  to  various  groups  of  fungi, 

The  yeast-fungi  are  the  producers  of  alcoholic  fermentation  and  they 
form  the  scum  on  the  top  of  alcoholic  beverages. 

§  188.  Yeast=fungi  are  found  in  man  in  the  form  of  naked  or  single- 
capsuled,  oval  or  roundish  cells  of  various  sizes.  They  occur  chiefly  as 
harmless  saprophytes,  and  by  far  most  frequently  in  the  upper  x^art  of 
the  intestinal  canal — in  the  stomach — where  they  nearly  always  occur; 
and  when  beverages  which  are  undergoing  alcoholic  fermentation  are 
taken,  they  may  be  present  in  large  numbers,  and  may  also  multiply. 
In  the  bladder,  in  case  the  urine  contains  sugar,  they  may  likewise 
multiply  and  cause  fermentation  of  the  urine,  with  evolution  of  carbonic 
acid  gas. 

As  parasites  no  importance  had  been  attached  to  them  until  very 
recently,  but  the  researches  of  Busse,  Sanfelice,  Curtis,  and  others  have 
made  it  certain  that  there  are  also  species  of  saccharomyces  of  pathogenic 
importance.  According  to  these  observations  the  pathogenic  yeasts  can 
multiply  in  various  tissues,  in  the  skin,  in  the  periosteum,  in  the  lungs, 
and  in  glandular  organs,  and  can  cause  suppurating  inflammations  as 
well  also  as  the  formation  of  granulations  and  hyperplasia  of  the  con- 
nective tissue,  all  of  which  processes  run  a  course  similar  to  that  of  an 
actinomycosis  infection.  The  yeast  cells  in  these  centres  of  inflamma- 
tion are  for  the  most  part  provided  with  a  capsule,  and  may  be  present 
in  large  numbers,  so  that  they  may  cause  b}^  their  mass  tumor-like 
swellings.  Through  degeneration  of  the  oval  yeast  cells  crescentic 
forms  may  also  develop. 

In  solutions  containing  sugar  the  budding-fungi  produce  oval  cells 
(Fig.  470;.  Keproduction  takes  place  by  means  of  budding  and  con- 
striction (Fig.  470),  i.e.,  on  any  portion  of  the  mother-cell  there  arises 
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Fig.  4:70.— S  a  cell  a - 
romyces  elUpsoideuj<. 
Magnified  400  diameters. 


an  excrescence,  wliich  is  constricted  off  after  it  readies  the  size  of  the 
mother-cell.  Under  certain  conditions  the  cells  can  grow  out  into 
threads,  but  no  subsequent  segmentation  takes  jolace  in  these  threads ; 
jointed  threads  result  from  budding  (Cienkowsky, 
Grawitz) .  Diluted  nutrient  fluid  favors  the  formation 
of  threads. 

Mould=fungi  are  found  in  man  partly  in  the  form 
of  simple  or  branching,  unjointed  or  jointed  threads 
of  var3'ing  thickness ;  partly  in  that  of  oblong  or  even 
globular  cells.  The  threads  are  called  hyphae  (Figs. 
471  and  472),  and  the  mass  which  they  form  my-= 
celium  ;  the  spherical  or  long  oval  or  short  cylin- 
drical cells,  which  often  hang  together  like  a  rosary, 
are  called  spores  or,  better,  conidia  spores  (Figs.  471  and  472).  Fructi- 
fication on  special  fruit-bearers  inside  the  body  is  only  rarely  observed. 
The  mould-fungi  are  partly  saprophytes  and  partly  parasites,  and 
are  found,  with  but  few  exceptions,  only  in  localities  exposed  to  the  out- 
side, as  on  the  skin,  in  the  intestinal  canal,  in  the  respiratory  apparatus, 
in  the  external  auditory  canal,  in  the  vagina,  etc.  Only  exceptionally, 
and  under  special  conditions,  do  they  penetrate  to  the  internal  organs, 
as,  for  example,  the  brain.  It  is  clear  that  the  living  tissues  of  the 
human  organism  do  not  afford  a  suitable  nutrient  medium  for  the  mould- 
fungi,  and  the  living  activity  of  the  tissue-cells  for  the  most  part  does 
not  allow  development  and  multiplication  of  these.  The  need  for 
oxygen  does  not  allow  the  mould-fungi  to  develop  in  many  tissues,  and 
the  body-temperature  is,  moreover,  too  high  for  many  of  these  fungi. 
The  chemical  comi)osition  of  the  tissues  also  does  not  form  a  favorable 

mixture  of  nutrient  material  for  the 
mould-fungi. 

MouId=fungi  that  grow  as  sa- 
prophytes occur  most  frequently  in 
the  alimentary  canal  in  man,  and 
here  again  most  frequently  in  the 
vioufh,    throat,   and  cesopliagus :  and 


Fig.  471.— H3^h£e,  conidia,  and  epithelial  cells  from 
a  fresh  specimen  of  fa\-Tis.    (After  N emnann.) 


Fig.  472.— From  a  deposit  of  aphthse  on  the  tonj 
of  a  man  who  died  of  typhoid  fever.  Magnified 
diameters. 


they  develop  in  these  localities  particularly  when  the  ingesta  or  desqua- 
mated cells  lie  undisturbed  in  one  position  for  a  long  time,  and  when 
the  function  of  these  organs  happens  to  be  below  par.  They  are  recog- 
nizable by  their  power  to  form  threads  and  conidia. 

In  the  external  auditory  canal  the  mould-fungi  are  especially  apt  to 
grow  in  abnormal  masses  that  fill  up  the  passage  and  that  consist,  in 
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some  instances,  of  the  secretion  of  the  sebaceous  glands  of  the  ear,  in 
others  of  inflammatory  exudates  and  desquamated  epithelium,  and  in 
still  others  of  substances  introduced  from  without. 

Inside  the  lung  the  mould-fungi  occasionally  grow  in  the  necrotic 
walls  of  cavities  formed  by  disintegration,  such  as  occur  especially  in 
tuberculosis,  and  they  also  grow  in  necrotic  and  gangrenous  heniorrhagic 
infarctions.  In  the  region  of  the  air-passages  they  are  oftenest  observed 
in  bronchiectases. 

In  the  intestinal  canal,  as  well  as  in  the  ear  and  in  the  lung,  the 
mould-fungi  usually  form  white  deposits  on  or  in  the  tissues.  On  the 
appearance  of  fructification  (upon  special  fruit-bearers)  they  maj^  how- 
ever, in  places  present  a  brown,  gray,  or  black  appearance.  In  the  in- 
testinal canal  beverages  and  food  may  give  them  various  colors. 

These  fungi  have  their  habitat  first  in  dead  material,  but  they  may 
penetrate  thence  more  or  less  widely  into  living  tissue ;  and  cases  have 
been  observed  in  which  they  had  even  penetrated  into  the  circulation 


Fig.  473.— Section  through  an  aphthae-covered  oesophagus  of  a  small  child.  (Alcohol ;  carmine ;  Gram's 
method.)  a.  Normal  epithelium ;  b,  connective  tissue ;  c,  swollen  and  desquamated  epithelium  permeated 
with  the  growth  of  fungus  threads ;  d,  epithelium  infiltrated  with  cells  ■  e,  masses  of  cocci  and  bacilli  ■,  /, 
cellular  focus  in  the  connective  tissue.     Magnified  100  diameters. 


and  were  carried  by  the  blood-current  to  distant  organs.  Thus  the  fun- 
gus-growth called  aphthae,  which  appears  mostly  in  the  cavity  of  the 
mouth,  the  throat,  the  oesophagus,  more  seldom  in  the  stomach,  in  the 
small  intestines,  and  in  the  vagina,  and  on  the  nipple  of  the  breast  of 
nursing  women,  cannot  be  regarded  as  a  pure  parasite,  but,  on  the  con- 
trary, as  a  parasitic  growth  which  penetrates  into  living  epithelium 
(Fig.  473,  c)  and  even  into  tha  connective  tissue  lying  below.  It  is 
true  that  aphthse  for  the  most  part  occur  only  in  sucklings  and  in  de- 
pleted sick  persons  who  are  no  longer  able  to  cleanse  the  mouth, 
throat,  and  oesophagus,  and  whose  condition  of  nutrition  has  suffered. 
Consequently  special  local  primary  conditions  are  necessary  for  its 
development,  and  the  primary  colonization  of  the  fungus  j)robably  oc- 
curs in  substances  that  have  died.  Still  an  active  i^enetration  in  living 
tissue  takes  place — first  into  the  epithelium  (c,  d),  and  then  often  also 
into  the  connective  tissue  (a,/)  and  into  the  blood-vessels — and  from 
these  portals  of  invasion  even  metastases  may  develop  in  internal  organs. 
Thus,  Zenker  observed  fungus  threads  and  conidia  in  an  abscess  of  the 
brain,  and  Paltauf  reported  a  case  in  which  a  mould-fungus  was  con- 
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veyed  from  an  intestinal  ulcer  to  tlie  brain  and  lung.     Schmorl  described 
aphthae  metastases  from  the  kidneys. 

The  mould-fungi  luhicJi  grow  in  the  lung  do  not  always  confine  them- 
selves to  tissue  that  has  died  out  or  to  the  interior  of  the  bronchus ;  they 
can  also  get  into  living,  respiratory  parenchyma  (although  rarely,  it  is 


Fig.  iti.—Mucor  corymhifer  in  fructiflcation.  a.  Aerial  hvph«  ,  h,  mycelium  lying  within  the  nutri- 
ent gelatin;  c,  branching  fruit-bearers ;  d,  sporangia.  (Preparation  from  a  culture  made  on  a  glass  slide.) 
Magnified  100  diameters. 


true),  and  when  they  invade  this  locality  they  form  small  white  nodular 
masses  (Boyce)  in  the  neighborhood  of  which  the  lung-tissue  is  infil- 
trated. 

Local  colonizations  of  mould=fungi  which  penetrate  into  Jiving 
tissue  exercise  a  more  or  less  considerable  irritation  in  the  neighbor- 
hood, and  cause  degeneration  (Fig.  473,  c)  and  inflammation  of  the  tissue. 
This  can  be  observed  in  mycosis  of  the  lung,  as  well  as  in  intestinal 
mycosis  (c,  d,f)  and  mycosis  of  the  ear.  When  they  have  penetrated 
into  the  lung  they  form  growths  which  are  similar  to  the  actinomyces 
nodules  and  are  surrounded  by  an  accumulation  of  cells  (Boyce).  Their 
action,  however,  is  always  limited,  and,  furthermore,  the^'  produce  no 
substances  which  are  injurious  to  the  whole  organism  or  cause  symp- 
toms of  poisoning.  The  finding,  as  has  been  frequently  reported,  of 
mould-fungi  in  abscesses  of  the  internal  organs  is  probably  to  be  inter- 
preted in  this  way :  that,  along  with  fission-fungi  which  cause  suppura- 
tion, thread-fungi  get  into  the  tissues  and  thence  also  into  the  circula- 
tion. A  general  spreading  of  mould-fungi  does  not  occur  even  in  these 
cases,  because  the  further  development  remains  confined  to  the  location 
of  the  metastasis. 

The  forms  of  mould-fungi  which  are  saprophytic,  or  at  least  patho- 
genic only  under  certain  circumstances  and  to  a  limited  extent,  belong 
to  the  Mucor,  Aspergillus,  and  Eurotium  families.  Several  species 
have  been  obtained  from  the  ear,  and  have  been  designated  as  asper- 
gillus  fumigatns  (Fresen),  aspergillus  ftavus  sive  flavescens  (Brefeld, 
Wreden),  aspergillus  niger  sive  nigricans  (van  Tieghem,  Wreden,  Wil- 
helm), asjjergillus  nidukins  (Eidam),  eurotium  malignum  (Lindt),  mucor 
corymhifer,  and  trichothecium  roseum ;  and,  so  far  as  is  known,  these 
are  the  same  species  which  occasionally  occur  in  the  resi)iratory  appa- 
ratus. 

In  most  cases  the  kind  of  mould-fungus  cannot  be  immediately  deter- 
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mined ;  it  is  first  necessary  to  make  cultures  of  the  fungus  upon  suitable 
nutrient  media — such,  for  examj^le,  as  a  decoction  of  bread,  or  an  infu- 
sion of  bread  with  agar-agar,  potatoes,  gelatin,  etc.  On  these  the 
conidia  which  are  sown  grow  out  to  germiüal  tubes,  and  form  simple  or 
branching  unicellular  or  multicellular  threads  on  which  the  peculiarly 
constructed  fruit-bearers  characteristic  of  the  species  arise  and  eventually 
produce  conidia.  Many  form  spores  by  copulation  of  cells  of  mycelia, 
and  this  happens  especially  when  the  supply  of  oxygen  is  lessened 
(Brefeld,  Siebenmann) . 

In  the  mucor  varieties  there  appear  special  fruit-bearers  which  differ 
in  the  different  species — at  one  time  having  a  single  stem,  at  another 
being  branched  (Fig.  474,  c) — and  on  the  ends  of  which  button-like 
swellings  develop.  It  is  from  these  knob-like  ends  that  sporangia  id) 
— i.e.,  globular  vesicles  filled  with  conidia  spores— grow. 

Mucor  corymhifer,  for  example,  forms  branching  fruit-bearers  (Fig. 
474,  (?) .  The  sporangia  on  the  ends  possess  a  smooth  membrane  and 
inclose  at  the  time  of  ripening  yellowish  conidia  spores. 

The  aspergilli  form  conidia-hearers  which  swell  out  spherically  above 
and  then  produce  numerous  sterigmata — i.e.,  j^edicle-like  outgrowths, 
radially  arranged,  thickly  crowded,  shooting  out  from  the  upper  half  of 
the  sphere.  Each  sterigma  subsequently  has  at  its  end  a  chain  of  coni- 
dia spores  (Fig.  475,  a,  5),  which  owe  their  formation  to  a  constricting 
process. 

The  hotanical 'position  of  the  aphthce-fungus  is  still  doubtful.  Former- 
ly it  was  called  oi'dium  albicans,  and  reckoned,  consequently,  with  the 
family  Oidium,  which  occurs,  in  different  species,  upon  organic  sub- 
stances in  the  form  of  downy  coatings.  When  cultivated  from  conidia 
it  produces  hyph?e,  which  become  jointed  and  form  conidia  by  trans- 
verse division  of  the  threads,  but  form  no  peculiar  fruit-bearers. 

According  to  Kees,  Grawitz,  and  Kehrer,  the  aphthae-fungus  grows 
by  budding  and  by  the  growing  out  of  mycelia  and  conidia,  which  in 


Fig.  475.  — Fyphae  of  aspergülus  fumigatus,  with  conldia-bearers.    a.  Fruit-heads  in  optical  cross-section ; 

b,  fruit-heads  seen  from  above,    ilagnifled  300  diameters. 

turn  produce  at  their  ends,  by  a  process  of  constriction,  new  conidia,  in 
a  manner  similar  to  that  which  takes  place  in  the  yeast-fungi  which  be- 
long among  the  mould-fungi.  Consequently  this  fungus  should  be 
termed  mycoderrna  albicans.  Linossier  and  Roux  are,  however,  of  the 
opinion  that  the  aphthae-fungus  does  not  belong  at  all  to  the  saccharo- 
mycetes  and  they  regard  its  proper  classification  at  present  as  impossible. 


536  MOULD-FUNGI. 

According  to  Plaut,  it  is  identical  with  a  mould-fungus  {raomlia 
Candida)  which  very  frequenth^  appears  in  nature.  Kehrer  suspects  that 
it  is  a  species  of  a  higher  fungus  that  has  become  degenerated  by  para- 
sitism. 

According  to  Neumayer,  all  kinds  of  yeasts  are  able  to  resist  the  effects  of  the 
digestive  juices  and  can  travel  through  the  intestinal  canal  of  human  beings  without 
being  killed.  Unless  some  fermentable  substance  is  introduced  at  the  same  time  they 
are  entirely  harmless.  They  exert  some  action  on  the  intestinal  canal  only  when  fer- 
mentable substances  are  introduced  along  with  them,  and  then  abnormal  products  of 
fermentation  result  which  act  as  an  irritant  on  the  intestinal  canal. 

Busse  found  (1894)  yeast-cells  developing  in  great  numbers  in  the  disease  areas  of  a 
woman,  thirty-one  years  of  age,  who  died  from  multiple  inflammations  of  the  bones, 
skin,  lungs,  kidneys,  and  spleen,  which  were  in  part  tumor-like,  in  part  abscess-forming, 
and  it  is  safe,  according  to  his  discovery,  to  look  upon  the  yeast  as  the  cause  of  the  dis- 
ease. The  yeast  could  be  cultivated  easily  on  suitable  nutrient  media.  Mice  were  es- 
pecially susceptible  to  inoculations  of  the  cultures,  and  died  in  from  four  to  eighty-three 
days  after  inoculation,  and  the  yeast-cells  were  found  to  have  increased  markedly,  not 
only  at  the  point  of  inoculation  but  also  in  the  internal  organs.  Hyperplasia  of  the 
tissue  took  ülace  only  after  a  long  duration  of  the  infection. 

Sanfelice  experimented  wäth  yeast  from  fiuit  juices,  and  found  among  these  one 
species  pathogenic  for  guinea-pigs  (saccharomyces  neoformans)  and  one  pathogenic  for 
chickens  and  dogs  (saccharomyces  lithogenes).  Curtis  found,  in  multiple  myxosarcoma- 
like  growths  of  the  skm,  yeast-cells  which  were  pathogenic  for  rats,  mice,  and  dogs. 

Sanfelice,  Corselli,  Frisco,  Koncali,  Binaghi,  and  others  believe  that  blastomycetes 
may  be  the  cause  of  true  tumors,  like  sarcoma  and  carcinoma,  but  true  tumors  have 
never  been  obtained  by  experimental  inoculations  with  yeast-cells — only  inflammatory 
hyperplasia  of  the  tissues;  and  the  discovery  of  yeast-cell-like  figures  in  true  tumors 
does  not  permit  of  the  conclusion  that  the  tumors  have  been  produced  by  the  yeast-cells, 
even  if  a  part  of  those  seen  were  genuine  yeast  cells.  According  to  the  investigations 
of  Koch,  Löffler,  Lichtheim,  Hückel  and  Lindt  the  conidia  of  aspergillus  fumigatus, 
A.  flavescens,  A.  nidulans,  eurotium  malignum,  mucor  rhizipodiformis,  JNI.  corymbifer, 
M.  pusillus,  and  M.  ramosus  flourish  at  the  body-temperature,  and  when  introduced  into 
the  blood-current  of  animals  grow  out  into  the  tissues  and  form  hyphse  ;  but  there  is  no 
new  production  of  conidia,  and  consequently  no  progressive  infection  of  the  animal  ex- 
tending beyond  the  area  within  which  the  spores  have  been  introduced.  Conidia  of 
mucor  rhizopodiformis  and  mucor  corymbifer^  when  introduced  into  the  blood-current  of 
rabbits,  grow  mainly  in  the  kidneys  and  in  the  lymphatic  apparatus  of  the  intestines, 
where  they  cause  hemorrhagic  inflammation. 

Aspergillus  mycoses  of  the  respiratory  apparatus  are  not  rare  in  animals, 
especially  birds,  and  the  growth  of  the  mycelium  causes  necrosis  of  the  tissue  and  in- 
flammation. According  to  Chantemesse,  aspergillus  fumigatus  causes  in  doves  a  disease 
of  the  mouth,  lungs,  liver,  and  kidney.  The  two  former  affections  are  not  unlike  diph- 
theria, while  the  two  latter  closely  resemble  tuberculosis,  and  may  consequently  be  called 
pseudotuberculosis  aspergillina.  According  to  Potain,  the  infection  may  be  transferred 
to  man  and  cause  ulcerative  disease  of  the  lung. 

Eurotium  and  Aspergillus,  according  to  Siebenmann,  are  two  different  families, 
having,  however,  very  great  similarity  with  each  other,  since  both  the  mycelium  and  the 
conidia-bearers  are  similarly  formed.  The  main  differences  between  the  two  are  these  : 
Eurotium  produces  perithecia  in  the  form  of  glistening,  light-yellow  or  sulphur-yellow, 
translucent  bodies  the  size  of  a  grain  of  sand,  that  are  delicate  and  easily  crushed, 
and  these  bodies  develop  continuously  until  completely  mature  spores,  capable  of  ger- 
mination, are  formed.  On  the  other  hand,  the  genuine  Aspergillus  forms  a  hard,  woody 
Sclerotium  usually  embedded  in  a  thick  white  matted  mass  of  mycelia.  The  develop- 
ment of  these  takes  place  in  two  periods.  The  second  part  of  the  development  takes 
place  only  when  the  Sclerotium  finds  a  lodgment  upon  a  moist  substratum. 

Aspergillus  flavus  of  Brefeld  (Eurotium  aspergillus  flavus  of  de  Bary)  forms  golden- 
yellow,  greenisTi,  and  brown  growths  ,  the  fi'uit-heads  are  round,  yellow  or  olive  green 
or  brown  ;  conidia  round,  seldom  oval,  sulphur  yellow  to  brown,  with  minute  warts  on 
the  surface  ;  diameter  from  5  to  7  fi.  Aspergillus  fumigatus  of  Fresen  (aspergillus  nigres- 
cens  of  Robin)  forms  greenish  or  bluish  or  gray  growths  ;  the  fruit-heads  are  long  and 
shaped  like  an  inverted  tenpin  ;  the  conidia  are  round,  seldom  oval,  smooth,  mostly  clear 
and  colorless;  diameter  from  2.5  to  8 //.  Aspergillus  niger  of  van  Tieghem  (eurotium 
aspergillus  niqer  of  de  Bary)  forms  dark  chocolate-brown  growths  ;  the  conidia  are  round, 
brownish  black  or  grayish  brown  when  ripe  ;  surface  smooth  or  with  warty  thickenings  ; 
diameter  from  3.6  to  5  /i. 

Aspergillus  can  develop  upon  the  injured  sclera  and  bring  about  purulent  mflam- 
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mation.  Leber '  cultivated  it  upon  the  sclera  and  in  the  anterior  chamber  of  the  eye  of 
rabbits.  Finally,  aspergillus  also  appears  in  the  pelvis  of  the  kidney.  Babes'^  found 
conidia  and  hyphse  of  a  thread-fungus  in  ulcers  of  the  skin  which  were  covered  by  scabs, 
and  gave  to  it  the  name  o'idium  subtile  cutis. 

§  189.  Thread  fungi  are  to  be  regarded  as  causes  of  disease  in  a 
few  affections  of  tlie  skin  ;  that  is,  in  favus,  lierpes  tonsurans,  pityriasis 
versicolor,  sycosis  parasitaria,  and  in  onycliomycosis.  In  all  of  these  dis- 
eases the  epithelial  parts  of  the  skin  contain  colonizations  of  hyphse 
and  conidia,  and  there  remains  no  doubt  that  their  presence  causes  to 
some  extent  hyperplasia  and  inflammation. 

The  fungus  of  favus  (Fig.  471)  is  usually  called  achorion  Schon= 
leini ;  it  was  discovered  by  Schönlein  in  the  year  1839. 

Favus  {tinea  favosa,  scall)  has  its  habitat  especially  in  the  hairy 
portions  of  the  skin  of  the  head,  more  seldom  on  other  parts — for  ex- 


Fig.  476.— Favus  scutulum.  a,  Free  border  of  the  scutulum;  b,  dead,  homy  layer;  c,  d,  mycelial 
threads ;  e,  conidia  :  /,  epithelium ;  gr,  papilla  of  the  skin ;  7i,  cellular  infiltration  at  the  basis  of  the  scutulum ; 
i,  cutis.    (After  Neumann.) 

ample,  in  the  substance  of  the  nails.  It  is  characterized  by  the  forma- 
tion of  discs  {favus  scutula),  varying  in  size  from  that  of  a  lentil  to  that 
of  a  nickel,  is  sulphur  yellow,  and  indented  and  pierced  by  a  hair.  In 
an  abortive  course  it  may  merely  form  scales,  like  herpes. 

According  to  Kaposi,  the  favus  scutulum  originates  as  a  small  punc- 
tiform  yellow  focus  lying  under  the  epidermis  and  penetrated  by  a  hair. 
It  grows  to  the  size  of  a  lentil,  and  forms  then  a  sulphur-yellow,  dimpled 
disc  showing  through  the  upper  skin.  The  scutulum  (Fig.  476)  con- 
sists of  fungus  threads  and  conidia  spores  and  lies  in  a  shallow,  funnel- 
shaped  depression  in  the  skin  under  the  horny  layer  of  the  epidermis, 
which  is  drawn  apart  (this  does  not  appear  in  the  drawing).  If  the 
mass  is  removed  during  life  the  cavity  shows  a  red  watery  surface.     The 
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favus  itself  forms  a  white,  onh^  sligMv  coherent  mass  which  can  be 
easily  disintegrated  in  water. 

If  the  scutula  are  not  removed  they  join  together  and  form  large 
masses.  If  the  epidermis  layer  is  desquamated  the  favus-mass  becomes 
free  and  dries  up  to  yellowish-white,  mortar-like  masses.  The  hairs 
appear  lustreless,  as  if  dusty,  and  are  easy  to  pull  out,  since  the  fungus 
mycelia  and  conidia  penetrate  into  the  hair-shaft  and  into  the  bulb  (Fig. 
477,  a),  as  well  as  into  the  follicle  (h). 

Not  only  can  the  hair  be  made  to  fall  out  by  the  growth  of  the  mass 
of  fungi,  but  the  x)apilla  may  also  undergo  atrophy  under  the  pressure 
of  the  accumulation  of  the  mass  of  fungi.  Simultaneously'  a  more  or 
less  intense  inflammation  ajjpears  in  the  neighborhood  of  the  hair-fol- 
licle, and  this  inflammation  may  assume  the  character  of  an  eczema. 

If  achorion  colonizes  upon  a  nail  {onychomycosis  favosa)  it  forms 
sulphur-yellow  deposits  or  uniform  thickening,  with  simultaneous 
loosening  and  cheesy  degeneration  of  the  parenchyma  of  the  nail. 

Trichophyton  tonsurans,  the  fungus  of  herpes  tonsurans,  consists 
of  long,  narrow  threads,  but  little  branching  and  with  few  conidia;  it 
forms  no  scutulous  nodules,  but  penetrates  easily  into  the  hair-shaft  and 
makes  the  hair  brittle.  According  to  whether  the  herpes  develops  upon 
hairy  surfaces  or  upon  surfaces  devoid  of  hair,  it  shows  certain  differ- 
ences. 

Herpes  tonsurans  capillitii  forms  bare  discs  which  vary  in  size  from 
that  of  a  five-cent  piece  to  that  of  a  silver  dollar.  These  spots,  in  which 
the  hair  is  broken  off  short,  look  like  places  where  the  hair  has  been 
badly  cut.  The  surface  of  the  skin  at  these  spots  is  smooth  or  covered 
with  scales  and  reddened  on  the  border  of  the  disc.  If  the  fungus 
threads  penetrate  into  the  hair-follicle,  pustules  and  scales  are  formed. 
Such  discs  may  appear  at  various  places  and  constantly  increase  until 
finally  a  cure  takes  place. 

On  places  devoid  of  hair  herpes  forms  vesicles  (herpes  tonsurans 
vesiculosus) ,  and  red  scaly  spots,  discs,  and  circles  (herpes  tonsurans 
squamosus).  Occasionally  there  appear  in  a  number  of  places,  red 
spots  which  rapidly  spread  and  just  as  rapidly  heal  up.  The  fungus 
will  be  found  between  the  uppermost  layers  of  the  nucleated  epidermis, 
immediately  below  the  stratum  of  hornj'  cells  (Kaposi). 

If  trichophyton  develops  in  the  nails,  the  nail  becomes  cloudy,  scales 
off,  and  becomes  brittle — an  affection  designated  as  onychomycosis  tricho- 
phytina. 

Sycosis  p)arasitaria  results  from  the  fact  that  the  development  of  the 
fungus  is  accompanied  by  an  inflammation  of  the  hairy  parts  of  the 
skin,  which  is  more  severe  than  usual,  and  which  leads  to  infiltration 
and  suppuration — that  is  to  say,  to  the  formation  of  pustules,  abscesses, 
and  papillary  hyperplasia.  According  to  Kaposi  and  others,  eczema 
marginatum  is  also  caused  by  the  trichophyton  tonsurans.  It  occurs 
especially  in  those  places  where  two  surfaces  of  skin  come  in  contact 
and  the  skin  is  macerated  by  sweat.  It  is  characterized  by  the  forma- 
tion of  vesicles,  pustules,  and  scabs  situated  on  the  periphery  of  a 
pigmented  surface.  According  to  others  (Pick,  von  Hebra),  the  fungus 
elements  contained  in  the  efflorescences  are  smaller,  and  are  therefore 
called  microsporon  minutissimum.  On  the  other  hand,  according  to  H. 
von  Hebra,  impetigo  contagiosa,  an  exanthem  characterized  hy  pustules, 
is  caused  by  trichophyton  tonsurans. 

flicrosporon  furlur,  the  fungus  of  pityriasis  or  mycosis  versicolor 
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or  deirmato=mycosis  furfuracea,  occurs  likewise  in  the  form  of  threads 
and  conidia,  wliich  are  somewhat  smaller  than  those  of  other  skin-fungi. 
The  alterations  caused  by  this  fungus  consist  of  discolorations  of  the 
skin  of  different  sizes  and  shapes ;  some  of  the  spots  being  mere  points, 
while  others  may  be  as  large  as  the  palm  of  the  hand.  These  spots, 
which  sometimes  are  smooth  and  glistening,  and  at  other  times  dull  and 


<^  (\  J  ^  x^  ^^1  >^-J  ^ 


Fig.  477.— Hair  affected  with  favus.    (After  Kaposi.)    a.  Bulb  and  shaft  of  the  hair  ;  7;,  sheath  of  the  hair- 
root  traversed  in  all  directions  by  the  mycelia  and  conidia. 


desquamating,  are  spread  uniformly  over  large  areas  of  skin.  Their 
color  varies  from  a  pale  yellow  to  a  dark  brown  or  a  brownish-red. 
They  are  found  principally  upon  the  trunk,  neck,  and  flexor  surfaces  of 
the  extremities,  never  on  the  hands,  feet,  or  on  the  face. 

Microsporon  minutissimum  is  the  name  which  has  been  given  to  a 
thread-fungus,  which  is  found  in  the  skin  disease  known  as  erythrasma 
(von  Bärensprung).     The  disease  is  characterized  by  the  formation  of 
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brown  or  brownish-red,  round  patches,  on  the  inner  side  of  the  thigh, 
which  are  only  slightly  scaly  and  may  be  as  large  as  the  i)alm  of  the 
hand.  The  fungi  are  found  in  the  epidermis  and  are  smaller  than  those 
of  pityriasis. 

The  thread-fungi  occurring  in  the  diseased  areas  of  the  skin  may  be 
cultivated  on  suitable  nutrient  media  (agar-agar,  agar-glyceiin,  gelatin, 
potato,  blood-serum,  etc.),  and  from  the  conidia  there  then  develop 
simple  and  branching  threads,  which  become  jointed  (Fig.  478,  a)  and 
form  chains  of  short  cells  {b).  Club-like  forms  which  frecxuenth'  appear 
on  the  ends  of  the  threads  in  cultures  are  looked  upon  by  Quincke  and 
Elsenberg  as  imperfect  sporangia.     The  botanical  position  of  these  fungi 

is  still  undetermined.     Nothing 
"^■^]       certain  is  known  about  their  dis- 
:       tribution  outside  the  human  body 
and  the  bodies  of  animals. 

According  to  Quincke,  three 
forms  of  fungus  occur  in  favus- 
masses.  Two  of  these  represent 
varieties  of  one  species  of  fungus. 
Elsenberg  found  only  two  forms, 
which  he  regards  as  varieties  of 
one  species.  Pick,  Plaut,  and 
Biro  hold  fast  to  the  etiological 
unity  of  the  different  forms  of 
favus. 

Sabouraud  advocates  the  view 
that  the  fungi  causing  tricho- 
i:)hytia  represent  entirely  differ- 
ent varieties,  which,  however,  all 
belong  to  the  genus  Botrytis. 
Krösing  differentiates  three 
groups  of  trichophyton-fungi, 
according  to  the  different  ap- 
pearances of  the  cultures  on  po- 
tato, and  he  lays  stress,  among  other  things,  upon  the  differences  between 
their  respective  organs  of  generation  and  fructification.  Eosenbach, 
who  recently  examined  the  mould-fungi  occurring  in  deep  suppurating 
inflammations  of  the  skin,  differentiates  several  trichophyton-fungi  as 
the  cause  of  this  disease. 

According  to  Spietschka  the  microsporon  furfur  from  the  dermal 
scales  can  be  cultivated,  and  can  be  very  well  differentiated  in  cultures 
from  other  pathogenic  thread-fungi.  A  typical  mycosis  may  be  pro- 
duced in  man  by  inoculation  with  the  fungus. 

From  the  large  number  of  investigations  of  various  authors  carried 
out  recently  it  is  impossible  to  deduce  anything  with  certainty  about 
the  number  of  kinds  of  favus-  and  trichophyton-fungi.  Still  this  much 
is  evident  from  the  investigations :  that  the  character  of  the  nutrient 
medium  has  great  influence  on  the  kind  of  growth  (Sabouraud,  Waelsch), 
and  that  the  difference  in  the  results  is  to  be  attributed  in  large  measure 
to  the  difference  in  the  nutrient  media  on  which  the  fungi  were  culti- 
vated. 

Inoculations  with  the  fungi  taken  from  cultures  into  the  skin  of 
human  beings,  rabbits,  mice,  etc.,  which  were  made  by  Grawitz,  Boer, 
Munnich,  and  others,  gave  partly  positive,  partly  negative  results.     Ac- 


FiG.  478.— Culture  of  trichophj/ton  tonsurans,  a. 
Branching  threads  with  long  joints  which  have  deli- 
cate walls ,  b,  threads  with  thick-walled,  short  joints, 
some  of  them  spherical.    Magnifled  300  diameters. 
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cording  to  Plaut,  the  inoculation  never  gives  positive  results  when  spore- 
formation  has  already  taken  place  in  the  cultures. 

A  form  of  skin  disease  is  described  as  pityriasis  rosea  (Gilbert)  or  pityriasis  macu- 
lata  and  circinata  (Bazin),  which  is  very  similar  to  herpes  tonsurans,  and,  as  it  seems, 
is  caused  in  part  by  a  hyphomyceta.  According  to  Behrend,i  who  suggests  the  name 
roseola  furfuracea  herpetiformis^  the  disease  is  characterized  by  the  appearance  of  promi- 
nent spots  of  a  rose-red  color,  which  vary  in  size  from  that  of  a  pin's  head  to  that  of  a 
pea  or  bean,  and  which  are  covered  with  dust-like  epidermis  scales.  They  appear 
oftenest  on  the  neck  and  spread  thence  quickly  over  the  body,  but  leave  the  head,  the 
hands,  and  the  feet  free.  The  spots  vanish  again  in  two  or  three  days.  In  some  cases 
the  scales  contain  conidia  and  fine  mycelia  threads. 

Von  Hebra'-^  described  a  peculiar  itching  dermatosis  as  dermatomycosis  diffusa flex- 
orum.  It  occurs  on  the  elbow  and  bend  of  the  knee,  and  is  said  to  be  caused  Iby  fungus, 
elements  which  are  like  those  of  pityriasis  versicolor. 

Bizzozero  ^  and  Bordoni-Uffreduzzi  •*  published  a  communication  on  microphyta 
which  occur  on  the  normal  skin. 

Favus  and  herpes  tonsurans  also  occur  in  domestic  animals,^  the  latter  in  cattle. 

In  invertebrate  animals  diseases  occur  not  infrequently  which  are  caused  by 
mycelium-fungi.  Thus  botrytis  Bassiana,  causes  the  so-called  muscardme  in  silkworms. 
Cordyceps  militaris  destroys  the  injurious  pine-spider  gastropacha  pint.  Tarichiuin 
megaspermum,  a  black-colored  fungus,  kills  the  destructive  earth-caterpillar  agrotis 
segetum.  Fungi  belonging  to  the  family  Empusa  attack  especially  the  caterpillars  of 
the  cabbage-butterfly  (empusa  radicans)  and  the  house-fly  {empusa  muscoe),  and  grow 
all  through  them  and  cause  them  to  die.  Achyla  prolifera,  according  to  Harz,"*  grows, 
through  the  musculature  of  the  crabs,  and  is  the  cause  of  crab-pest. 

^  Berliner  kiln.  Wochensch.,  1881,  Nos.  38  and  39. 

2  Wiener  med.  Blätter,  1881;  and  "Diekrankh.  Verander.  d.  Haut,"  Braunschweig^ 
1881. 

3  Virchow's  Arch.,  84  Bd, 

"^ Fortschritte  d.  Med.,  iv.,  1886. 

^Cf.  Friedberger  and  Frohner :  "Lehbr.  d.  spec.  Pathol,  der  Hausthiere." 

^Jahresber.  der  Münchener  Thier arzneischule,  1882-83. 


CHAPTER  XL 
The  Animal  Parasites. 

I.  Arthropoda. 

1.  Arachnida. 

§  190.  The  parasites  included  among  the  Arachnida  are  for  the  most 
part  epizoa,  which  either  temporarilj-  or  permanently  inhabit  the  skin. 
But  one  species — the  Pentastomata — occurs  as  larvae  within  the  tissues. 
Most  of  them  belong  to  the  group  of  mites  (Acaridw).  The  Pentastomata 
belong  to  the  class  tongue-icorms  (Penfasfomicke  or  Linguatididce). 

1.  Acarus  scabiei,  or  sarcoptes  hominis,  the  itch=mite,  is  a  parasite 
the  size  of  a  pinhead,  with  a  body  shaped  like  a  turtle's,  provided  on  the 

ventral  surface  both  anteriorly  and  pos- 
teriorly with  two  pairs  of  legs,  each  of 
which  is  furnished  with  bristles  (Fig. 
479 j.  The  foremost  pair  of  legs  extend 
out  into  stalk-like  processes,  ending  in 
discs  for  clinging  purposes.  The  same 
arrangement  is  found  in  the  hindermost 
pair  in  the  male,  while  the  next  to  the 
last  pair  in  the  male  and  the  last  two 
l)airs  in  the  female  end  each  in  a  long 
bristle.  On  the  border  of  the  hinder 
part  of  the  body  are  located  several 
bristles,  while  the  back  is  covered  with 
tooth-like  knobs.  The  head  is  rather 
round  and  likewise  covered  with  bristles. 
The  female  is  almost  twice  as  large  as 
the  male. 

The  mite  dwells  in  the  epidermal 
layer  of  the  skin  (Pig.  480,  a,  d),  in 
which  it  digs  burrows,  some  of  which 
are  10  cm.  in  length.  In  these  burrows 
the  female  (d)  lays  her  eggs,  which  develop  in  situ  into  young  itch- 
mites  (e).  These  bury  themselves  still  deeper  in  the  epidermis,  and 
after  several  times  shedding  their  skins,  develop  into  sexually  mature 
individuals.  The  skin  responds  to  the  irritation  which  the  presence 
of  the  mites  occasions  by  increased  epithelial  cell-production  (a)  and 
by  inflammation  (c).  The  latter  is  considerably  increased  by  scratching 
the  spots  which  itch  in  consequence  of  the  invasion. 

2.  Leptusautumnalis,  the  Imrvest-mite  (Fig.  481),  is  the  red-colored 
larva  of  a  variety  of  Trombidse,  which  lives  upon  grass  and  bushes  and 
upon  grain,  and  when  opportunity  offers  alights  upon  the  human  skin; 
here  it  bores  its  way  into  the  epithelium  and  occasions  itching  and 
inflammation. 


riG,  479.— Female  itch-mite,  showing  ven- 
tral surface.    Magnlfled  40  diameters. 
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Demodex  or  acarus  folliculorum    hominis  (Fig.  482)  occurs  at 

times     singly     or     in 
^  ^  groups   in    the  sebum 

of  the  hair-follicles 
and  the  ducts  of  the 
sebaceous  glands.  It 
is  in  the  neighbor- 
hood of  0.3  mm.  long, 
and   has    on  its  ante- 


FlG.  481. 

Fig.  480.— Scabies.  (Alcohol ;  carmine.)  a.  Homy  layer  of  the  epidermis,  perforated  by  numerous 
burrows  of  itch-mite ;  b,  mucous  layer  and  papillary  body,  the  latter  greatly  enlarged  and  inflltrated  with 
cells ;  c,  cell-inflltrated  cutis  ;  d,  section  through  a  fiilly  developed  itch-mite ;  e,  eggs  and  embryos  of  various 
sizes ;  /,  faeces.    Magnified  20  diameters. 

Fig.  481.— iepf Its  autumnalis.    (After  Küchenmeister  and  Zürn.) 


rior  ventral  surface  four  pairs  of  short,  thick  legs.     The  head  is  fur- 
Dished  with  a  snout  and  two  feelers. 

4.  Ixodes  ricinus,  the  loood-jach  or  wood-tick  (Fig. 
483),  is  a  fairly  large  yellowish-brown  member  of  the 
Arachnida,  belonging  to  the  group  of  ticks.  It  has  a 
black  head  provided  with  a  sucking  apparatus,  and  a 
very  distensible  leathery  hodij.  It  commonly  occurs 
upon  grass  and  bushes,  and  sometimes  alights  upon  man 
or  beast.  By  means  of  its  sucking  apparatus  it  draws 
blood  from  the  skin,  and  in  this  waj^  swells  up  to  a  very 
remarkable  extent. 

5.  Pentastoma  denticulatum  is  the  larva  of  penta» 


Fig.  ^2.— Acarus  fol- 
liculorum hominis.  (Af- 
ter Perls.)  Magnified  300 
diameters. 


Fig.  483.— Ixodes  rici- 
nus^ sucked  half  full  of 
blood.  Magnified  2  dia- 
meters. 
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Fig.  484.— Head  end  of  pentastoma  denti' 
culatum.     (After  Perls.)      Magnified   40  diar 
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stoma  taenioides,  a  lance-sliaped  orgaüism  belonging  to  the  order  of  the 
tongue-worms  or  Pentastomidse.  It  inhabits  the  nasal,  frontal,  and 
maxillary  sinuses  of  various  animals,  especially  the  dog.  It  very  seldom 
occurs  in  human  beings  (Laudon),  and  when  it  does  it  occasions  in- 
flammations. The  sexually  mature  female  is  from  60  to  130  mm.  long 
and  anteriorly  from  8  to  10  mm.  broad,  while  the  male  measures  from 
16  to  20  mm.  in  length  and  anteriorly  from  3  to  4  mm.  in  breadth.  The 
larva  is  from  4  to  5  mm.  long  and  1.5  mm.  wide;  is  x^lump,  and  of  some- 
what flattened,  sjjherical  shape.  Its  location  is  usuall}'  the  liver  or 
spleen,  and,  more  rarely,  other  organs  of  men  and  herbivora.  It  is  a 
quite  common,  though  not  a  dangerous,  parasite.  Its  body  is  divided 
off  into  some  ninety  ring-shaped  segments,  which  are  provided  around 
the  borders  with  thorn-like  processes  (Fig.  484),  while  the  head  ex- 
tremity is  furnished  with  four  hook-shaped  feet. 

Living  mites  occur  very  frequently  among  the  domestic  animals  as  parasites  on  the 
ßkin,  representing  various  species  of  different  families. 

Sarcoptes  hominis,  the  burrow-  or  itch-mite  of  man,  occurs  also  in  horses  and 
Neapolitan  sheep.  Not  only  this,  but  various  kinds  of  sarcoptes  are  distinguishable, 
which  infest  the  domestic  animals — for  instance,  sarcoptes  squamiferus,  occurring  in 
dogs,  swine,  sheep,  and  goats,  and  sarcoptes  minor,  in  cats  and  rabbits. 

Dermatophagus,  the  hiting-mite  (Fig.  485),  with  broad  head,  occurs  in  different  ani- 
mals, and  various  species  of  the  same  are  distinguished.  They  live  upon  the  cells  of  the 
epidermis  and  occasion  desquamation  of  the  skin,  • 

Dermatocoptes,  the  sucking-mite  (Fig.  486),  with  long  slender  head,  robs  the  skin  of 
blood  and  lymph,  and  produces  inflammation.  Dermatocoptes  communis  occurs  in 
horses,  cattle,  and  sheep.  Dermatocoptes  cuniculi  is  a  parasite  infesting  the  ears  of 
rabbits. 

Symhiotes  equi  of  Gerlach  is  a  mite  occurring  chiefly  on  the  feet  of  heavy  English 
andScotcli  horses,  where  it  excites  a  moist  dermatitis,  often  incorrectly  called  »naZarj^ers. 


Fig.  485.  —Male  of  the  dermatophagus  commu- 
1718,  showing  ventral  surface.  (After  Pütz.)  Mag- 
nified 50  diameters. 


Fig.  486.— Male  of  the  dermatocoptes  commu- 
nis^ showing  ventral  surface.  (After  Pütz.)  Mag- 
nified 50  diameters. 


Dermanyssus  avium  is  a  red  blood-sucking  mite  about  1  mm.  long,  which  is  seen 
often  in  birds. 

Of  the  Tick  family  there  occur  in  dogs,  cattle,  and  sheep  various  kinds  of  Ixodes, 
while  in  pigeons  the  argas  reflexus  and  others  are  found. 

Leptus  autumnalis  occurs  also  in  dogs  and  chickens. 

Species  of  Demodex  occur  in  dogs  and  swine,  occasioning  pustular  eruptions. 

Pentastomata  are  found  also  in  cattle,  sheep,  and  goats,  and  in  certain  regions  are 
abundant  in  cattle. 
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2.  Insects. 

§  191.  Most  of  tlie  parasitic  insects  are  epizoa.  Part  of  them  remain 
only  temporarily  upon  the  skin,  and  from  it  derive  their  nourishment, 
while  others  remain  there  permanently  and  utilize  the  skin  structures 
as  a  place  in  which  to  deposit  their  eggs.  The  following  may  be  men- 
tioned as  belonging  to  the  numerous  species  here  included : 

1.  Pediculus  capitis,  the  head-louse  (Fig.  487),  occupies  the  hairy 
scalp,  and  derives  its  nourishment  (i.e.,  blood)  from  the  skin  by  means 


Fig.  487.  -Female  pediculus             Fig.  488.— Male  pediculus  pu-  Fig.  489.— Female    pediculus 

capitis,  showing  ventral  surface.          his,   showing    ventral   surface.  vestimentorum^  showing  ven- 

( Küchenmeister  and    Zürn.)           (Küchenmeister     and     Zürn.)  tral    surface.      (Küchenmeister 

Magnified  13  diameters.                         Magnified  13  diameters.  and   Zürn.)      Magnified  9   dia- 

-.  meters. 

of  its  feeding  apparatus.  Its  eggs  or  nits  are  barrel-shaped  and  white, 
and  are  fastened  to  the  hairs  by  a  coating  of  chitiu.  It  takes  the  embryo 
only  about  eight  days  to  hatch  out.  In  consequence  of  the  scratching 
induced  by  the  itching  there  arise  frequently  quite  severe  dermatitides, 
especially  eczema. 

2.  Pediculus  pubis,  the /e?^- or  crah-louse  (Fig.  488),  dwells  in  the 
hairy  parts  of  the  trunk  and  extremities.  Its  habits  are  the  same  as 
those  of  the  pediculus  capitis. 

3.  Pediculus  vestimentorum,  the  clothing-  or  hody-louse  (Fig.  489), 
lives  in  the  wearing-apparel  and  deposits  its  eggs  there  as  well.  It  gets 
upon  man  to  obtain  nourishment. 

4.  Cimex  lectuarius,  the  bedbug,  dwells  in  beds,  floors,  closets,  etc., 
and  gets  upon  people  at  night  to  suck  blood.  It  causes  wheals  upon  the 
skin. 

5.  Pulex  irritans,  the  common  flea,  also  draws  blood  from  the  skin. 
A  little  hemorrhagic  dot  may  be  found  where  it  has  sucked.  Sometimes, 
also,  there  appear  local  swellings  and  wheals.  It  lays  its  eggs  in  the 
cracks  of  floors,  in  sawdust,  etc. 

6.  Pulex  penetrans,  the  sand  flea,  occurs  in  South  Africa  in  the  sand. 
The  female  lays  her  eggs  in  the  skin  and  causes  thereby  intense  inflam- 
mation 

7.  Gnats,  having  mouths  provided  with  stinging  and  sucking  ap- 
paratus {Culicidoe  and  Tipulida^),  horse=fIies  (Tabanidce),  and  common 
flies  [Stomoxyidce)  draw  blood  frequently  from  the  human  skin.  Various 
flies  [CEstridoi  or  biting  flies,  and  Muscidoi  or  stinging  flies)  occasionally 
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lay  their  eggs  in  the  skin,  on  wounds  or  ulcers,  or  in  the  cavities  of  the 
body  accessible  to  them,  after  which  the  developing  mites  occasion  local 
irritation  of  the  tissues  and  inflammation  (.Myiasis).  Under  certain  cir- 
cumstances their  larvae  may  also  get  into  the  intestinal  tract  with  the  food, 
and  here  develop  further.  This  happens  especially  when  the  stomach 
and  bowels  are  the  seat  of  abnormal  conditions  which  interfere  with 
digestion.  The  eggs  of  the  3Iuscidce  (in  Europe  generally  the  Sarcophila 
Wohlfarti;  in  America  chiefly  the  Compsomyia  or  Lucilia  Macellaria 
and  the  Musca  Anthropophaga),  after  being  deposited  upon  the  mucous 
membranes  or  upon  wounds,  hatch  out  within  a  few  hours,  and  cause 
irritation  of  the  neighboring  soft  i)arts  by  their  efforts  to  obtain  nourish- 
ment. They  may  even  denude  the  bones  in  the  canal  of  the  ear,  the  nose, 
and  the  antrum  of  Highmore  (myiasis  muscosa).  In  the  course  of  about 
a  week  the  larvae  abandon  the  ulcers  and  in  chrysalis-form  remain  buried 
in  the  earth.  The  (Estridce  (in  Europe  the  hyj^oderma  bovis  and  the 
hypoderma  Diana;   in  America   the  dermatobia  noxialis  or  cuterebra 

cyaniventris)  la}^  their  eggs  on 
wounds  or  upon  the  intact  skin; 
verj^  soon  the  larva,  hatching  out, 
penetrates  into  the  cutis  by 
means  of  booklets,  and  in  the 
course  of  from  one  to  six  months, 
after  repeatedly  shedding  its 
skin,  grows  to  be  some  2  cm. 
long;  in  the  later  stages  it  occa- 
sions in  its  vicinity  a  painful 
swelling  [myiasis  cestrosa). 

The  parasites  belonging  to  the  fam- 
ily of  J\[uscid(je  play  a  much  more  impor- 
tant role  in  the  domestic  animals  than 
in  man,  and  it  is  especially  the  species 
of  CEstrus  whose   larvae  infest  animals. 
Thus,  for  example,  the  larvse  of  the  gas- 
trophilus  equi  (Fig.  490),  gastrophilus  pecorum,  and  gastrophilus  hcBmorrhoidalis  live  in 
the  stomach  and  adjacent  section  of  the  intestine  of  the  horse,  and  here  they  complete 
their  development  until  they  reach  the  chrysalis  stage,  upon  which  they  depart. 

CEstrus  OVIS  lays  its  larvae  in  the  nasal  cavities  of  the  sheep,  from  whence  they 
wander  into  the  frontal,  nasal,  and  maxillary  cavities,  and  under  certain  circumstances 
also  into  the  cranial  cavity,  and  occasion  inflammation. 

The  larva  of  the  oestrus  bovis  bores  into  the  skin  of  the  cow,  and  here  develops  as 
far  as  the  chrysalis  stage,  when  it  again  leaves  its  host. 


Fig.  490.— Gastrophilus  equi.     (After  Brauer.)    a, 
Male :  i»,  larva. 


II.  Vermes  (Worms). 

1.   Nematodes  {Roundicorms) . 


§  192.  All  the  roundw^orms  which  occur  as  parasites  belong  to  the 
Nematodes.  They  possess  a  slender,  cylindrical,  extended,  and  some- 
times filiform  body,  with  neither  segments  nor  appendages.  The  cuticle 
is  thick  and  elastic.  The  oral  opening  is  found  at  one  extremity,  and  is 
provided  sometimes  with  soft  and  sometimes  with  horn-like  lips.  The 
elongated  gut,  together  with  the  pharynx  and  chyle-stomach,  extends 
through  the  entire  body-cavity  (Fig.  491),  opening  upon  the  ventral 
aspect  a  short  distance  from  the  usually  awl-shaped  posterior  extremity. 
The  sexual  organs  and  their  openings  are  also  found  on  the  ventral  surface. 
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The  female  sexual  orifice  is  located 
at  about  the  middle  of  tlie  body,  less 
frequently  near  the  anterior  or  poste- 
rior extremity  (Fig.  491,  A,  a) .  In  the 
male  the  sexual  orifice  and  the  anus 
are  located  together  (B,  c) .  The  chiti- 
nous  covering  of  the  lower  gut  forms 
in  the  male  the  means  of  clinging  in 
the  act  of  copulation.  The  males  are 
usually  smaller  than  the  females.  The 
development  is  continuous,  and  the 
metamorphoses  are  not  striking.  The 
nematodes  which  occur  in  man  are, 
some  of  them,  harmless  intestinal  par- 
asites, while  others  are  very  danger- 
ous, sometimes  even  fatal,  parasites  of 
various  organs. 

§  193.    Ascaris    lumbricoides,   the 

common  s'pool  or  roundiuorm  (Fig.  491), 
is  a  light-brown  or  reddish-colored 
worm  cylindrical  in  shape,  and  taper- 
ing generally  to  a  point  at  the  end.  The 
female  (A)  is  from  25  to  40  cm.  long, 
the  male  (B)  considerably  smaller,  and 
the  posterior  extremity  of  the  latter  is 
bent  in  the  form  of  a  hook  and  provided 
with  two  spicules  (c)  or  chitin  processes. 

The  mouth  (b)  is  inclosed  by  three 
muscular  lips,  provided  with  very  fine 
teeth.  The  sexual  opening  of  the  fe- 
male (A,  a)  lies  anterior  to  the  middle 
of  the  body.  The  eggs,  which  the 
mature  female  contains  in  enormous 
numbers,  possess  in  their  fully  devel- 
oped condition  a  double  shell  (Fig. 
492),  and  around  this  is  an  albumi- 
nous envelope.  Their  longest  diam- 
eters amount  to  between  50  and  60  ß. 
The  worm  inhabits  the  entire  intestinal 
canal,  but  most  frequently  the  small  in- 
testine. It  is  the  most  common  para- 
site in  man,  and  frequently  is  found  in 
great  numbers.  When  mature  females 
are  present,  the  faeces  contain  nu- 
merous eggs.  These  are  very  resists? nt 
to  external  influences — for  exampje, 
drying  and  freezing. 

The  eggs  require  no  intermediate 
host  (Lutz,    Leuckart,    Grassi,    Epp- 

YiG.  i91.— Ascaris  lumbricoides.  (After  Perls.)  ^,  Female;  B,  male.  (Natural  size.)  At  a  is  the 
female  sexual  orifice ;  c,  the  two  spicules  of  the  male ;  b,  head  extremity  (magnified)  of  the  worm,  with  the 
three  lips. 

Fig.  492.~Egg  of  ascaris  lumbricoides  (after  Leuckart),  with  shell  and  albuminous  envelope.    Magni- 
fied 300  diameters. 

30 


Fig.  491. 


Fig.  493. 
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stein)  in  order  to  develop  into  the  roundworm,  so  that  a  person  may  be- 
come infected  by  swallowing  the  eggs  which  have  been  expelled  from  the 
bowel  and  have  matured  in  the  feces.  According  to  culture  experi- 
ments which  Eppstein  carried  out  on  human  beiugs  with  eggs  which 
had  long  been  cultivated  on  damp  faeces,  the  roundworm  attains  sexual 
maturity  in  from  ten  to  twelve  weeks  after  ingestion  of  the  eggs.  At 
this  time  the  male  is  from  13  to  15  cm.  long,  and  the  female  from  20  to 
30  cm.  Its  presence  in  the  intestine  does  not  usually  cause  any  notice- 
able disturbance.  Only  when  present 
in  large  numbers  does  it  sometimes, 
especially  in  children,  cause  intestinal 
catarrh,  vomiting,  nervous  excitability, 
and  convulsions.  Occasionally  it  crawls 
into  normal  or  pathological  openings  iu 
the  wall  of  the  intestinal  canal,  and  in 
this  way  causes  trouble.  Thus,  when  it 
gets  into  the  ductus  choledochus,  it  may 
produce  bile-stasis.  When  it  penetrates 
through  an  ulcer  outward  into  the  ab- 
dominal cavity  or  into  a  hernial  sac,  it 
ma^'  occasion  inflammation  of  that  par- 
ticular tissue.  By  Leuckart  it  is  also 
said  to  have  the  power  of  boring  through 
the  uninjured  bowel-wall.  Frequently 
the  worm  passes  away  per  anuni  with 


Fig.  493. 

Fig.  i^^.—Oxyuris  vermicularis.  a.  Sexually  mature  female  ;  7:»,  female  full  of  eggs ;  c.  male.  (After 
Heller.)    Magnified  10  diameters. 

Fig.  494.— Eggs  of  oxyuris  vermicularis  in  various  stages  of  development.  (After  Zenker  and  Heller.) 
a,  b,  c,  Segmentation  of  yolk ;  d,  tadpole-shaped  embryo ;  e,  worm-shaped  embryo.  Magnified  250 
diameters. 

the  faeces,  and  at  times  j:>er  os  in  vomiting.     From  the  pharynx  it  may 
wander  into  the  larynx. 

A  very  rare  intestinal  parasite  is  the  ascaris  viystax,  the  roundworm  of  the  cat, 
which  is  very  much  smaller  than  the  ordinary  roundworm. 


§  194.  Oxyuris  vermicularis,  the  aiul-tatl,  maggot,  or  tlireadioorm 
(Fig.  493),  is  a  small  roundworm,  the  female  being  10  mm.  long  (a,  h) 
and  pointed  at  the  caudal  end  like  an  awl,  while  the  male  is  4  mm.  long 
(c) ,  with  a  blunt  posterior  ending  provided  with  a  spiculum. 
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The  eggs  (Fig.  494,  a),  wliicli  tlie  belly  of  the  female  often  lodges  in 
immense  numbers,  are  50  />-  long  and  24  /j-  broad,  have  a  flat  and  a  curved 
surface,  and  a  shell  which  is  covered  by  a  thin  albuminous  layer.  The 
oxyuris  vermicularis  inhabits  the  large  intestine  and  the  lower  jjart  of 
the  small  intestine.  According  to  Zenker  and  Heller,  only  the  fructified 
mature  female  is  found  in  the  large  intestine,  while  the  younger  indi- 
viduals and  the  males  occur  in  the  small  intestine.  In  greater  or  smaller 
numbers  they  are  of  very  common  occurrence.  At  night  they  are  prone 
to  wander  outside  the  rectum  into  the  anal  region,  and  also  enter  the 
vagina,  occasioning  itching.  The  scratching  thus  produced  sometimes 
leads  to  dermatitis,  erections,  masturbation,  etc. 

For  the  eggs  to  develop  (Fig.  494,  a,  h,  c,  d,  e)  it  is  necessary  after 
their  expulsion  with  the  faeces  that  they  again  make  their  way  into  the 
stomach  of  man  or  beast.  It  is  very  probable  that  the  original  possessor 
of  the  oxi/uris  vermicularis  reinfects  himself,  the  eggs  which  remained 
stuck  to  his  fingers  when  he  scratched  himself  later  getting  into  his 
mouth. 

The  eggs  are  very  resistant  to  drying,  and  when  dry  may  be  scattered 
from  place  to  i^lace. 

§  195.  Anchylostoma  duodenale  {dochmius  duodenaUs  or  strongylus 
duodenaUs)  is  a  small  palisade-worm  which  tenants  the  upper  part  of  the 
small  intestine  (Fig.  495).  The  cylindrical  body  of  the  female  possesses 
a  length  of  from  5  to  18  mm.,  while  that  of  the  male  is  from  6  to  10  mm. 
long.  The  cephalic  end  (Fig.  496)  is  curved  toward  the  dorsal  surface, 
and  is  provided  with  a  mouth-capsule  located  on  the  ventral  side  (d). 
It  is  almost  completely  divided  dorsally,  and  the  cleft  is  covered  by  two 
chitinous  layers.  On  the  ventral  border  are  four  incurving  teeth  (h), 
while  on  the  dorsal  border  are  two  teeth  perpendicularly  arranged  (c), 
both  kinds  being  held  together  by  chitinous  bands.  In  addition  the 
interior  of  the  capsule  contains  a  conical  elevation  beneath  the  cleft  in 
the  dorsal  surface. 

The  male  is  provided  at  the  caudal  extremity  with  a  threefold  bursa 
(Fig.  495,  i)  and  two  thin  bone-like  spicules  (p).  In  the  female  the 
caudal  end  is  pointed  and  is  armed  with  an  awl-like  prong ;  the  vulva 
lies  back  of  the  centre  of  the  body.  The  oval  eggs  (Fig.  497)  are  from 
44  to  67  ß  long  and  from  23  to  40  ß  broad.  They  undergo  the  first  stages 
of  cleavage  in  the  human  intestine  {a,  b,  c,  d),  develop  still  further  in 
muddy  water  (e,f),  and  may  then,  if  brought  into  the  intestinal  canal 
of  man,  immediately  develop  again  into  sexually  mature  individuals. 
Their  presence  in  the  intestinal  tract  is  not  without  danger.  With  its 
teeth  the  worm  works  its  way  into  the  mucous  membrane  as  far  as  the 
submucosa  and  sucks  itself  full  of  blood.  Its  point  of  attack  is  dis- 
tinguishable later  by  a  small  ecchymosis,  in  the  centre  of  which  lies  a 
white  spot  with  a  central  perforation.  Occasionally  there  are  found  in 
the  mucous  membrane  of  the  bowel  small  blood-filled  holes  containing 
each  a  coiled-up  worm.  When  present  in  large  numbers  they  cause 
continuous  and  serious  loss  of  blood,  which  produces  a  profound  angemia 
in  the  patient  {Egyptian  chlorosis).  Perroncito,  Graziadei,  and  Bäumler 
have  ascertained  the  presence  of  anchylostomata  in  the  intestine  even 
several  years  after  infection  has  taken  place.  The  parasite  is  common 
in  the  tropics.  According  to  Griesinger  and  Bilharz,  something  like  a 
quarter  of  the  population  of  Egypt  suffer  from  this  disease.  A  few 
years  ago  the  parasite  was  very  frequently  observed  among  the  laborers 
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in  the  St.  Gothard  Tunnel.     Menche  and  Leichtenstern  state  that  the 
brick-fields  of  the  province  of  the  Khine  are  in  great  part  infected  with 


Fig.  495. 

Fig.  495.— Male  of  anchylostoma  duodenoJe.  (After  Schulthess.)  a.  Head  with  mouth-capsule:  b, 
oesophagus ;  c,  intestine  ;  d,  anal  glands  ;  c,  cervical  glands ;  f,  skin :  g.  muscular  layer :  h.  poms  excre- 
torius ;  i,  triple  bursa ;  /f,  ribs  of  the  bursa ;  Z,  testicular  canal :  /»,  vesicula  seminalis;  ?(.  ductus  ejacula- 
torius ;  o,  groove  of  latter ;  p,  penis ;  q,  sheath  of  penis.    Magnified  20  diameters. 

Fig.  496.— Cephalic  end  of  anchylostoma  duodenale.  (After  Schulthess.)  a.  Mouth-capsule;  ö, 
teeth  of  ventral  border ;  c,  teeth  of  dorsal  border ;  d,  buccal  cavity  ;  e,  skin-sac  on  ventral  side  of  head ;  f, 
muscular  layer ;  g,  dorsal  groove  ;  ?!,  oesophagus. 

Fig.  497.— Eggsfof  anclnilostoma  duodenale.  (After  Perroncito  and  Schulthess.)  a,  &,  c,  d,  Different 
stages  of  cleavage  ;  e,  /,  eggs  with  embryos.    Magnified  200  diameters. 


anchylostomata,  and  that  the  disease  which  was  long  considered  in  that 
region  as  brick-bnrner's  anaemia  is  caused  by  the  anchylostoma. 
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The  eustrongylus  gigas,  a  palisade-worm  of  red  color,  whose  female 
reaches  a  length  of  a  metre,  is  a  very  rare  parasite,  which  has  been  ob- 
served but  a  few  times  in  the  pelvis  of  the  human  kidney.  It  possesses 
a  buccal  opening  with  six  papillae,  and  the  male  has  at  the  caudal  end  a 
bursa  with  a  single  spiculum.  The  eggs  are  oval,  0.06  mm.  long,  and 
provided  with  an  uneven  albuminous  envelope. 

The  strongylus  longevaginatus,  a  white  thread-like  worm  26  mm. 
long,  was  observed  in  one  instance  in  the  lung  of  a  boy. 


Species  of  dochmius  occur  also  in  dogs  and  cats — not  only  tlie  dochmius  duodenalis, 
but  also  other  varieties — and  are  said  likewise  to  cause  ansemia. 

Varieties  of  strongylus  occur  very  frequently  in  the  domestic  animals,  sometimes 
as  intestinal  parasites,  again  as  dwellers  in  the  lungs. i 

Strongylus  armatus  is  a  parasite  of  the  horse,  which  enters  the  intestinal  tract  as  an 
embryo,  and  thence  bores  into  the  mesenteric  arteries,  or  even 
into  a  renal  artery,  where  it  develops  to  sexual  maturity  and 
then  wanders  back  into  the  large  intestine.  The  fully  devel- 
oped male  worm  is  from  20  to  30  mm.  long,  the  female  from  20 
to  55  mm.  It  causes  clots  to  form  in  the  arteries,  and  brings 
about  aneurismal  dilatations  of  the  vessel-wall. 

Strongylus  filaria  is  a  filiform  worm  some  25  to  84  mm. 
long,  which  occurs  in  the  air-passages  of  sheep,  goats,  rabbits, 
and  deer,  and  there  occasions  inflammations.  Strongylus  ruTes- 
cens  and  strongylus  paradoxus^  nematoidium  ovis  pulmoncde 
(Lydtin)  or  pseudcdhis  ovis  pulmoncdis  (Koch),  are  likewise  oc- 
cupants of  sheep's  lungs,  strongylus  paradoxus  also  of  the  lungs 
of  swine.  Strongylus  conimutatus  occurs  in  the  lungs  of  the 
have  and  rabbit,  while  strongylus  syngamus  and  strongylus  bron- 
chialis  are  found  in  the  air-passages  of  birds,  all  three  being 
productive  of  inflammation.  Strongylus  micrurus  (Ströse-)  oc- 
cm's  in  cows  and  calves,  not  only  in  the  air-passages,  but  also 
in  arterial  aneurisms. 


§  196.  The  anguillula  stercoralis  or  pseudorhah-  i 
ditis  stercoralis  (Fig.  498)  is  a  small  nematode,  the  \ 
male  possessing  a  length  of  0.88  mm.,  the  female 
1.2  mm.  The  w^orm  is  indigenous  to  Cochin  China 
and  Italy,  and  in  the  latter  country  often  occurs 
simultaneously  wdth  the  anchylostoma.  The  fruc- 
tified female  contains  both  eggs  and  embryos  (Fig. 
498).  The  latter,  which  at  birth  spread  through 
the  whole  intestinal  tract,  the  gall-ducts,  and  the 
pancreatic  duct,  and  even,  according  to  Normand, 
occasion  diarrhoea,  may  develop  inside  the  intestine 
up  to  the  point  of  formation  of  the  sexual  organs 
(Perroncito) .  In  all  probability  some  even  attain 
complete  sexual  maturity,  while  others  pass  away 
earlier  with  the  faeces.  The  larvae  at  their  depar- 
ture are  from  250  to  370  m  long. 

According  to  Golgi  and  Monti,  the  anguillula  ,ster- 
coralis  penetrates  into  Lieberkühn' s  crypts,  wehere 
it  deposits  its  eggs  and  young;  these  cause  some- 
times epithelial  degeneration,  and  at  other  times  epithelial  hypertrophy. 

The  anguillula  intestinalis  is  a  roundworm  2.25  mm.  long,  of  which 
species  the  female  alone  is  known.     It  has  the  same  distribution  as  the 


Fig.  498.— Female  of 
ang u i Uida  stercoralis, 
with  eggs  and  embryos. 
(After  Perroncito.)  Mag- 
nified 85  diameters. 


1  A.  Müller  :  "  Die  Nematoden  der  Säugethierlungenund  die  Lungenwurmkrankheit, 
eine  zoologisch-patholog.  Untersuchung."  DeK^sc/ze  Ze?Y. /.  Thierined.,  xv. ,  1889. 
2 "Bau  von  Strongylus  micrurus,''''  Deutsche  Zeitsckr.f.  Thiermed.,  sviii.,  1892. 
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angidllida  stercoralis.  The  eggs  do  not  develof)  in  the  intestinal  canal, 
or,  at  any  rate,  exhibit  only  the  first  stages  of  segmentation  at  the  time 
of  their  departure  with  the  faeces.  .  At  a  temperature  of  from  25'^  to  'tJO'' 
C.  there  sets  in  a  very  rajjid  segmentation  of  the  eggs  in  the  diluted 
faeces,  and  the  development  of  the  embryos  commences,  though  the  lat- 
ter attain  their  complete  development  only  in  a  new  host. 


§  197.  Trichocephalus  dispar,  the  icldp-iconn,  is  indeed  a  common 
but  comi:)aratively  harmless  parasite,  which  is  found  in  the  csecum  and 

neighboring  section  of  the  intes- 
tine. According  to  Askanazy  it 
draws  blood  from  the  intestinal 
mucous  membrane.  Both  male 
and  female  are  from  4  to  5  cm. 
long  (Fig.  499).  The  anterior 
body-cavity  {a,  h)  is  very  narrow 
and  thread-like,  while  the  posterior 
half  of  the  body,  which  contains 
the  sexual  organs  (/,  (j,  I,  o,  p),  is 
very  much  thicker,  cylindrical  in 
the  female  (B),  and  in  the  male 
(A)  coiled  up  and  provided  with  a 
spiculum  ig). 

Tlie  eggs  (Fig.  500)  have  an  elon- 
gated oval  shape,  being  50  /'  long. 
They  possess  a  thick  brown  shell, 
which  exhibits  at  each  pole  a  peg- 
shaped  swelling  clear  as  crystal. 

The  first  embryonal  develop- 
ment takes  place  in  water  and  damp 
earth.  It  progresses  extremely 
slowly,  requiring  in  the  summer 
from  four  to  five  months,  and  in 
the  colder  periods  of  the  year  a 
much  longer  time.  The  eggs  are 
very  resistant  to  cold  and  dryness. ' 

Varieties  of  trichocephalus  occur  also 
in  tlie  domestic  animals. 


Fig.  500. 


Fig.  499.~Trlchocephalus  dispar.  A,  Male;  B, 
caudal  end  of  female ;  o,  cephalic  end :  &,  anterior 
belly  with  oesophagus ;  c,  stomach  ;  cU  intestine  ; 
e,  cloaca ;  /,  seminal  duct ;  g,  penis ;  Z,  bell-shaped 
penis-sheath  and  end  of  penis;  m,  intestine  of 
female;  n,  anus;  o.  uterus;  p,  vaginal  orifice. 
(After  Küchenmeister  and  Zürn.)  Magnified  10 
diameters. 


Fig.  500.— Egg  of  tricliocephdlus  dispar, 
Heller.)    Magnified  350  diameters. 


(After 


198. 


The    trichina    spiralis 

is    seen   in    two   forms  —  namely, 
the  trichina  of  the  intestine  and  the  trichina  of  the  muscles. 

It  reaches  sexual  maturity  as  an  intestinal  parasite  (Fig.  501) — the 
intestinal  trichina — and  then  appears  as  a  small,  white,  hair-like  worm, 
visible  even  to  the  naked  eye.  The  female  (A)  is  3  mm.  long,  the  male 
(B)  considerably  smaller.  The  hinder  part  of  the  body  is  elongated  in 
both  sexes,  and  in  the  male  (B)  is  provided  on  the  dorsal  half  with  two 
conical-shaped  terminal  pegs,  which  are  directed  toward  the  belly,  and 
are  separated  from  each  other  by  four  knob-like  papillae.  Instead  of  a 
spiculum,  the  muscular  cloaca  is  protruded  outward  in  copulation. 


1  Por  the  literature  on  tliis  subject,  consult  Huber  :  "  Bibliograpliie  d.  kliii.  Helmin- 
thologie," München,  1893,  S.  213;  and  Askanazy  :  "Der  Peitschen wurm,"  Deutsches  Ar- 
chiv f.  Min.  Med.,  57  Bd.,  1896. 
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The  intestinal  canal  begins  with  a  muscular  mouth,  which  has  the 
functions  and  appearance  of  an  intestine,  and  farther  on,  increasing  in 
calibre,  passes  directly  into  the  food-canal.  This 
is  surrounded  throughout  its  entire  length  by  so- 
called  cell-bodies — that  is,  a  row  of  large  cells. 
The  stomach,  which  is  the  continuation  of  the 
food-canal,  is  a  flask-shaped  dilatation  of  the  in- 
testine, and  is  covered  with  fine  granular  cells. 
The  stomach  passes,  with  no  important  change 
of  structure,  into  the  intestine,  which  in  the  male 
joins  with  the  seminal  duct  at  the  caudal  end  to 
form  a  cloaca. 

The  testicle  consists  of  a  pouch,  which  com- 
mences near  the  caudal  end  of  the  body  in  a  blind 
sac,  proceeds  forward  as  far  as  the  cell-body,  and 
bending  there,  passes  over  into  the  seminal  duct. 

The  sexual  organs  of  the  female  (A)  consist 
of  a  single  ovary,  a  uterus,  and  a  vagina,  which 
opens  outward  at  the  junction  of  the  first  and 
second  quarters.  The  ovary  likewise  forms  a 
pouch  located  close  to  the  posterior  extremity  of 
the  body,  and  in  this  develop  the  roundish  eggs. 
The  pouch  passes  anteriorly  into  the  sac-shaped 
uterus. 

The  eggs  develop  within  the  uterus  into  em- 
bryos which  are  set  free  at  birth. 

The  musc!e=trichina  (Fig.  502)  is  a  worm 
from  0.7  to  1.0  mm.  long  which  lives  in  the  mus- 
cles of  the  body.  It  is  generally  coiled  up  in  a 
spiral,  and  lies  in  a  capsule,  which  occasionally 
contains  lime-salts.  Between  the  coils  of  the 
worm  is  a  finely  granular  mass. 

A  single  capsule  may  contain  two,  three,  or 
even  five  trichinae. 

If  a  piece  of  muscle  which  contains  living 
trichinae  finds  its  way  into  the  stomach  of  a  host 
—  for  example,  man — the  capsules  are  dissolved 
and  the  trichinae  liberated.  Sexual  maturity  is 
attained  in  the  intestinal  canal  in  two  and  a  half 
days,  when  copulation  occurs.  On  the  seventh 
day  after  the  introduction  of  the  muscle-trichinae 
the  birth  of  embryos  begins,  and  continues  quite 
a  while,  apparently  for  weeks.  A  single  female 
trichina  is  said  to  bear  from  one  thousand  to 
thirteen  hundred  young.  According  to  the  in- 
vestigations of  Pagen  Stecher,  Chatin,  Cerfontaine, 
and  Askanazy,  the  female  trichinae  penetrate  into 
the  intestinal  villi  and  deposit  the  embryos  in 
the  lymph-vessels,  whence  their  migration  begins. 
How  far  they  are  swept  passively  along  with  the 
lymph,  how  far  active  migration  is  concerned  in 
their  spreading,  is  a  difficult  matter  to  determine. 
Once  in  the  muscles  they  penetrate  the  primitive 
fibres,  bring  the  adjacent  contents  to  degenera- 


FiG.  501.— Sexually  mature 
trictilnae.  A,  Female:  B, 
male.  (After  Leuckart.)  Mag- 
nlfled  120  diameters. 
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tion,  and  grow  in  about  fourteen  da^'s  to  fully  developed  muscle-tri- 
chinse.  In  the  neighborhood  of  the  muscle-fibres  which  contain  trichinae 
there  sets  in  a  growth  of  muscle-nuclei,  while  the  invaded  connective 
tissue  becomes  inflamed.  At  first  the  trichina  is  inclosed  only  by  the 
sarcolemma,  which  shows  hyaline  thickening  above  it.  But,  later  on, 
inflammatory  granulation  occurs  in  the  neighborhood,  producing  con- 
nective tissue  on  the  outer  surface  of  the  sarcolemma,  and  also  pene- 
trating into  its  interior,  where  the  muscle  nuclei  in  consequence  perish. 
Fat  cells  may  develop  later  in  the  connective  tissue  of  the  capsule,  this 
tissue  being  especially  well  marked  at  the  ends 

The  intestinal  trichinae  have  a  limited  lifetime  of  from  five  to  eight 
weeks.  The  muscle-trichinae,  on  the  other  hand,  may  exist  a  very  long, 
possibly  an  unlimited,  time  (that  is,  until  the  death  of  the  afi'ected  in- 
dividual) ,  or  at  any  rate  for  years ;  and  yet,  according  to  Ehrhardt,  a 
few  of  them  maj^  die  before  the  formation  of  the  capsule  is  completed. 
After  some  time  there  takes  place  a  deposition  of  lime-salts  in  the  cap- 
sule, which  causes  it  to  appear  glistening  white  by  reflected  light  and 


l_-ii 


Fig.  503.    EacapsLilatecl  muscle-tricliinie.    (After  Leuckart.)    Magnified  60  diameters. 

hj  transmitted  light  cloudy  and  dark.  In  rare  cases  the  trichinae  them- 
selves, after  dying,  undergo  calcification. 

The  trichinae  have  been  observed  not  only  in  man,  but  in  the  swine, 
cat,  rat,  mouse,  marmot,  polecat,  fox,  martens,  badger,  hedgehog,  and 
raccoon.  Muscle-trichinae  are  also  produced  in  rabbits,  guinea-pigs, 
sheep,  and  dogs  by  feeding  on  trichina-infected  meat.  Human  beings 
are  infected  by  tho  ingestion  of  uncooked  pork.  The  invasion  of  tri- 
chinae produces  various  phenomena  in  man.  The  symptoms  of  an  in- 
testinal catarrh  follow  the  introduction  of  trichinous  meat  into  the 
intestine.  As  the  trichinae  wander  into  the  muscles  there  arise  pains, 
swellings,  cedema,  and  paralyses,  and  not  infrequently  fever  sets  in.  The 
symptoms  are  most  severe  in  the  fourth  and  fifth  weeks.  Not  infre- 
quently death  follows.  The  intensity  and  severity  of  the  symptoms  are  in 
general  proportionate  to  the  number  of  invading  trichinae  in  the  muscles. 

The  trichinae  are  found  in  greatest  numbers  in  the  diaphragm,  the 
tongue,  the  intercostal  muscles,  the  muscles  of  the  neck  and  larynx,  and 
the  thighs,  and  are  scattered  most  sparsely  in  the  distant  muscles  of  the 
extremities.  The  collection  is  usualh^  greatest  around  the  attachments! 
of  the  tendons. 
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§  199.  Filaria  or  dracunculus  medinensis  (Fig.  503),  the  guhiea- 
lüorm,  is  a  thin,  filiform  worm  from  60  to  100  cm. 
long.  Up  to  the  present  the  female  alone  is  known. 
The  cephalic  end  is  rounded  off,  while  the  caudal 
end  tapers  into  a  pointed  tail  curved  toward  the 
bell3\  The  external  covering  consists  of  a  firm 
cuticle  which  becomes  thickened  at  the  cephalic 
end,  taking  the  shape  of  a  shield.  The  intestinal 
canal  is  narrow  and  possesses  no  anus.  The  ute- 
rus, filled  with  young,  takes  up  the  major  part  of 
the  whole  body-cavit\'.  The  embryos  have  no  egg- 
shell, but  possess  a  thick  cuticle  and  an  awl-shaped 
tail.  As  intermediate  host,  the  embryos  seek 
small  Crustacea,  contained  in  which  they  reach  the 
stomach  in  the  drinking-water.  In  Africa  and 
Asia  the  worm  occurs  very  frequently.  It  develops 
in  the  skin  to  sexual  maturity,  and  occasions  cuta- 
neous abscesses  on  the  affected  spots.  Most  usu- 
ally it  is  found  on  the  lower  extremities,  especially 
in  the  region  of  the  heel. 

Filaria  sanguinis  hominis  is  the  name  applied 
to  the  larvEe  (Fig.  504)  of  a  worm  which,  when 
sexually  mature,  is  filiform,  and  measures  from  8 
to  10  cm.  in  length.  It  is  called  after  its  dis- 
coverer filaria  Bancrofti.  The  larvce  are  0.35  mm. 
long,  and  occur  in  the  blood 
and  lymph  of  man.  The  worm 
lives  in  the  lymphatics,  es- 
pecially^ those  of  the  scrotum 
and  lower  extremities.  It 
causes  lymph-stasis  and  in- 
flammations, which  in  turn 
lead  to  swelling  oftlie  lymjyhatic 
glands  and  elepliantiasis-like 
thickening  of  the  tissues,  com- 
bined with  oedema  and  lym- 
phangiectasia. Pustular  in- 
flammations, lymph-abscesses, 
buboes,  chylous  hydrocele,  and 
ascites  may  also  occur  in  con- 
sequence of  its  presence. 

From  the  lymphatics  of  the 
limbs  and  scrotum  the  eggs  and 
embryos  (0.35  mm.  long)  (Fig. 
504)  spread  into  other  parts 
of  the  lymjithatic  system  and 
into  the  blood,  and  cause  hse- 
maturia,  chyluria,  and  chylous 
diarrhoea.  According  to  Man- 
son  and  Scheube,  the  migra- 
FiG.  5(M.-Embryo  of  tiou  into  the  blood  takes  place 
Ci™'"^7  ^rancroftu      chiefly  at  night— that  is,  while 

^own  as  filaria  san gill-  l-       l    ■        l         t        rvT        i  i.      •      -      l^  ii 

■nis   hominis.     (After     the  i:)atient  IS  at  rest,     ilie  haematuria  is  the  result 
dLamlters.  ^^^^^^^^^  ^^     of  a  Collection  of  embryos  in  the  blood-vessels  of 


Fig.  503.— Filaria  or dra- 
c  u n  c  u  I  us  medinensis. 
(Leuckart.)    Life  size. 
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the  urinary  organs.  The  chyhiria  and  the  c4iy1ous  diarrhoea,  on  the 
other  hand,  are  said  to  come  from  the  fact  that  the  x^^i'^sites  obstruct 
the  thoracic  duct,  so  that  lymph-stasis  occurs;  this  affects  also  the 
lymphatics  of  the  bladder  and  intestine  and  permits  exudation  of  lymph 
in  these  localities.  According  to  Scheube,  the  bursting  of  the  lymphatics 
lacerates  the  blood-vessels  also,  so  that  blood  is  mixed  with  lymph.  The 
embryos  may  leave  the  urinary  organs  by  way  of  the  urine. 

The  spreading  of  the  embryos  is  effected,  as  Manson  thinks,  through 
the  agency  of  mosquitos,  which  take  them  up  in  the  act  of  sucking  blood. 
The  embryos  attain  a  still  higher  stage  of  develoi)ment  inside  the  mos- 
quitos, after  which  they  make  their  way  into  water,  and  then  once  more 
into  the  human  system.  Probably  their  entrance  into  the  laiter  is 
effected  through  the  intestine.  The  correctness  of  Manson's  views  is, 
however,  questioned  by  Leuckart. 

The  ßJaria  saiiguinis  occurs,  so  far  as  is  known,  only  in  the  tropics 
— Brazil,  Egypt,  southern  China,  Calcutta,  Bahia,  and  Guadeloui)e. 

Mackenzie  estimates  the  number  of  filaria  embryos  present  in  the  blood  of  a  case  of 
hsematochyluria  carefully  observed  by  him  at  from  thirty -six  to  forty  millions.  The 
patient  died  of  empyema,  and  the  filarire  perished  during  this  sickness. 

Yarious  species  of  filaria  occur  in  the  domestic  animals,  dwelling  in  various  parl.s  of 
the  body.  The  filaria  jyapiUosa  is  quite  a  common  parasite  of  the  horse,  ass.  and  cattle, 
living  in  the  serous  cavities  and  possessing  a  length  of  from  5  to  18  cm.  Filaria  ho'jna- 
tica^  a  worm  from  13  to  25  cm.  long,  occupies  the  right  side  of  the  heart  and  the  pul- 
monary artery  of  the  dog,  and  there  surrenders  its  embryos  to  the  blood.  It  occurs 
especially  in  America,  China,  and  India. 

2.    Trematodes  {Suclx'wg-iconns). 

§  200.  The  trematodes  are  sucking-worms  of  tongue  or  leaf  shape. 
They  possess  a  clinging  api^aratus  in  the  form  of  veutrally  i:)laced  suck- 
ing-cups varying  in  number;  sometimes  they  are  also  provided  with 
hook-  or  clasp-like  horny  projections  for  the  same  purpose.  The  intes- 
tinal canal  is  without  an  anus,  and  is  split  like  a  fork  throughout  most 
of  its  extent.  They  develop  in  two  ways,  either  by  the  direct  growth  to 
maturity  of  the  embryos  (miracicUa.in)  which  are  hatched  out  of  eggs,  or 
by  the  method  of  alternate  generation,  the  germs  developing  inside  of 
hosts.  The  miracidium,  or  ciliated  embryo,  makes  its  way  into  a  snail 
or  mussel,  and  grows  into  a  germ-sac  (sporoci/st)  which  later  develops, 
either  directly  or  by  the  formation  of  intermediary  germ-sacs  (redio'), 
into  cercarice,  a  stage  in  which  they  swarm  forth,  provided  with  oar-like 
tails.  Next  they  lose  their  tails,  and  make  their  way  into  a  new  host 
(molluscs,  arthropods,  fishes,  amphibia),  where  they  become  encapsu- 
lated and  develop  sexually,  as  soon  as  they  reach  the  final  host.  The 
sporocysts  which  produce  cercarice  are  classed  as  irrimcrrg  germ  sars  ; 
but  if  they  produce  cercari?e  only  after  the  formation  of  redi^e,  then  they 
are  known  as  seco/}dari/  germ  sacs. 

The  distoma  hepaticum,  or  liver-fluke,  is  a  leaf-shaped  sucking- 
worm  28  mm.  long  and  12  mm.  wide  (Fig.  505).  The  cephalic  end  pro- 
jects like  a  beak,  and  bears  a  small  sucking-cup,  in  which  the  mouth  is 
located.  Close  behind  this,  on  the  ventral  surface,  is  a  second  sucking- 
cux>,  and  between  the  two  lies  the  sexual  orifice. 

The  uterus  consists  of  a  convoluted,  bulb-shaped  bag  situated  behind 
the  posterior  sucking-cup.  On  each  side  of  the  hinder  part  of  the  body 
lie  the  yolk-sacs,  and  between  these  the  much-branched  testicular  canals. 
The  forked  intestinal  canal  also  gives  off'  numerous  branches. 
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Tlie  eggs  (Fig.  506)  are  oval,  0.13  mm.  long  and  0.08  mm.  wide.  A 
globular-shaped  embryo — a  miracidium — develops  in  water,  and  with 
the  help  of  a  finely  ciliated  arrangement  swims  about  and  looks  up  a 
new  host  (Limnaeus  minutus)  of  the  Mollusk  family.     At  the  time  of  its 


Fig.  505.— Distoma  liepaticum,  with  male  and  female  sexual  apparatus.    (After  Leuckart.)    Magnified  3.5 

diameters. 

penetration  into  the  snail  its  envelope  of  skin  is  cast  aside,  and  what 
was  formerly  a  miracidium,  possessing  an  intestine  and  excretory  or- 
gan, as  well  as  a  brain  ganglion,  is  transformed  into  a  sporocyst.  In 
this  condition  the  intestine  and  nervous  system  atrophy,  while  collec- 
tions of  cells  develop  by  cleavage  out  of  the  epithelium  lining  the  ab- 
dominal cavity,  giving  rise  to  a  second  generation  of  germ-sacs,  called 
redice.  These  rediae  (which  are  possessed  of  an  intestine)  next  pro- 
duce inside  of  the  same  host,  out  of  cells  which  become  separated  from 
the  collection,  the  cercaria^.  which  desert  the  host  and  by  the  aid  of  an  oar- 
shaped  tail  swim  about  in  water.  Finally  they  lose  this  tail  and  become 
encapsulated  in  almost  any  foreign  body,  and  thence  reach  their  final  host 
(generally  with  the  food) ,  there  to  develop  into  sexually  mature  individ- 
uals. When  sexually  mature,  they  live  in  the  biliary  ducts,  and  are 
occasionally  found  in  the  intestine  or  the  inferior  vena  cava.  The  liver- 
fluke  is  rare  in  man,  though  frequently  found  in  ruminating  animals. 
The  consequences  of  its  invasion,  especially  if  it  is  present  in  large 
numbers,  are  occlusion  and  stricture  of  the  biliary  ducts  from  ulcera- 
tion, then  the  formation  of  gall  concretions,  inflammation  in  the  vicinity, 
and  hyperplasia  of  the  connective  tissue  of  the  liver,  with  atrophy  of 
the  glandular  tissue. 

The  distoma  lanceolatum  is  only  8  or  9  mm.  long  and  from  2  to  2.5 


Fig.  506.— Eggs  of  distoma  hepaticum.    (After  Leuckart.)    Magnified  300  diameters. 


mm.  wide,  is  lancet-shaped,  and  the  head  section  is  not  special]  v  marked 
off  from  the  body  (Fig.  507). 

The  skin  of  the  body  is  smooth.  Two  irregularly  shaped  testicles 
lie  close  behind  the  ventral  cup,  in  front  of  the  ovary  and  uterus,  the 
coils  of  which  shine  through  the  transparent  bod3\     The  anterior  coils, 


558 


ANIMAL   PARASITES. — SUCKING- WORMS. 


which  contain  ripe  eggs,  are  black,  the  rest  being  a  rusty  red.     The 
yellowish-white  yolk-sacs  lie  in  the  middle  of  the  lateral  margin. 


Fig.  507.— Distoma  lanceolatum  with  its  inner  organs.    (After  Leuckart.)    Magnlfled  10  diameters. 

The  eggs  (Fig.  508)  are  0.04  mm.  long,  and  while  still  in  the  uterus 
contain  an  embryo,  which  does  not  escaiDe,  however,  until  several  weeks 
after  the  eggs  are  cast  off.     Its  metamorphoses  are  unknown. 


riG.  508.— Eggs   of   distoma   lanceolatum    shortly  after  the  formation   of   a   shell. 

Magnifled  400  diameters. 


(After   Leuckart.) 


The  distoma  lanceolatum  likewise  occupies  the  biliary  passages,  but 
is  very  rare  in  man.  It  occurs  more  frequently  in  sheep  and  cattle.  It 
is  present  only  in  small  numbers,  and  therefore  occasions  no  important 
changes ;  when  great  numbers  do  occur,  inflammation  and  proliferatipn 
of  the  peritoneal  connective  tissue  may  ensue. 

Baelz  has  described  three  species  of  trematodes  which  occur  in  Japan,  and  which  he 
calls  distoma  hepatls  endemicum  2^eTniciosum,  distoma  hepatis  innocuum,  and  distoma 
pulmonale.^  The  last-mentioned  species  is  from  8  to  10  mm.  long,  dwells  in  the  lungs, 
and  causes  haemoptysis.  The  distoma  hepatis  endemicum  is  the  size  of  a  pea,  and  oc- 
cupies the  bile-passages,  causing  liver  hypertrophies  and  diarrhoea.  According  to 
Winogradoff,  there  occurs  not  infrequently  in  Siberia  a  special  kind  of  liver-fluke,  the 
distoma  Sibiricum,  which,  according  to  Brown,  is  possibly  identical  with  the  liver-fluke 
of  the  cat  (distoma  felineum). 

§  201.  In  the  distoma  haematobium,  or  Bilharzia  hgematobia  (Fig. 
509),  the  sexes  are  separate.  The  mouth  and  ventral  cup  lie  only  a 
short  distance  apart  on  the  anterior  extremity  of  the  new-born  individ- 
ual. The  sexual  opening  lies  in  both  sexes  close  behind  the  ventral 
sucking-cup.  The  male  is  from  12  to  14  mm.  long.  Its  body  is 
smooth,  but  in  its  posterior  portion  is  rolled  up  into  a  tube  (Fig.  509) 
which  serves  for  the  reception  of  the  female  (canalis  gynsecophorus) . 

The  female  is  from  16  to  19  mm.  long,  and  almost  cylindrical.  The 
eggs  are  an  elongated  oval  (Fig.  510)  measuring  0.12  mm.  in  length,  and 
possess  a  terminal  or  lateral  spine.  According  to  Sonsino's  observa- 
tions, no  alternate  generation  occurs  in  the  development  of  the  distoma 
Jicematohium.     The  part  of  intermediate  host  is  taken  by  small  Crustacea,  • 


Cf.  Manson:  Lancet,  1883. 
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into  which  the  ciliated  embryo,  swimming  around  in  water,  bores  its 
way  to  become  encapsulated  in  the  former's  tissues.  In  all  probability, 
then,  infection  occurs  by  drinking  water  infected  with  the  larv«. 

The  worms  are  found  in  the  trunk  and  branches  of  the  portal  vein, 
the  splenic  vein,  the  mesenteric  veins,  and  also  in  the  rectal  and  vesical 
blood-vessels.  They  get  their  nourishment  from  the  blood,  and  occur 
in  men  and  apes.  Their  eggs  are  distributed  throughout  the  mucosa 
and  submucosa  of  the  ureters,  bladder,  and  rectum,  and  at  times  they 
are  found  in  the  liver,  lungs,  kidneys,  and  prostate  as  well.  They  give 
rise  ta  inflammation  of  the  bladder  and  ureters,  with  the  formation  of 
papillary  and  polypoid  growths,  ulcerations,  incrustations,  and  con- 
cretions. While  still  within  the  urinary  passages,  cylindrical  embryos 
(miracidia)  provided  with  fine  cilia  may  develop.  Their  subsequent 
fate  is  uncertain.  Sonsino  states  that  the  miracidium  forces  its  way 
into  Crustacea  and  the  larvae  of  ephemerides,  and  there  changes  directly 
into  a  larva,  which  in  turn  develops  directly  into  a  sexually  mature  in- 
dividual after  its  reception  into  a  human  body. 

The  parasite  occurs  through  the  entire  eastern  coast  of  Africa,  and 
also  in  Zanzibar,  Tunis,  Lake  Nyassa,  in  Beyrout,  and  in  Sicily.     It  is 


FIG.  509. 


Fig.  510. 


Fig.  509.— Distomct  hcematobium.    (After  Leuckart.)    Male  and  female,  the  latter  In  the  canalis  gynae- 
cophorus  of  the  former.    Magnified  10  diameters. 

Fig.  510.— Eggs  of  distoma  Jicematohium.     (After  Leuckart.)     a,  Egg  with  terminal  spine ;   b,  egg 
with  lateral  spine.    Magnified  150  diameters. 

most  common  in  Egypt,  where  twenty-five  per  cent  or  thereabout  of  the 
native  population  suffer  from  this  disease. 


3.   Cestodes  {Tapeivorms) . 

§  202.  The  tapew^orms  are  flat  worms  devoid  of  mouth  or  intestine, 
which  increase  after  the  method  of  alternate  generation,  through  the 
germination  of  a  pear-shaped  primary  host  (head  or  scolex),  and  remain 
united  to  the  latter  for  a  considerable  time  as  a  (usually)  long,  band- 
shaped  colony.  The  single  members  of  this  colony,  the  sexually  active 
individuals,  or  proglottides,  increase  in  size  the  more  widely  they  be- 
come separated  from  their  place  of  origin  by  the  formation  of  new  mem- 
bers, but  outside  of  this  are  devoid  of  any  outward  peculiarity.  The 
pear-shaped  primary  host,  on  the  other  hand,  known^as  the  scolex  or 
head,  is  provided  with  from  two  to  four  suckers,  and  usually  also  with 
curved,  claw-like  hooks.  With  the  help  of  these  adhering  organs  the 
tapeworms  fasten  themselves  to  the  intestinal  wall  of  their  intermediate 
host,  which  invariably  seems  to  be  one  of  the  vertebrate  animals.  The 
scolices  develop  out  of  a  round  embryo  with  from  four  to  six  hooks,  and 
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are  found  as  so-called  "  measles  "  in  the  most  diverse  organs,  cliiefly  the 
parenchymatous  ones ;  later,  they  move  out  of  these  organs  by  a  i^assive 
migration  into  the  intestine  of  their  future  host. 

The  tapeworms  loliich  occur  as  imrasites  in  man  belong  to  different 
families — the  Tamue  and  the  BotkriocephalL  The  former  live  in  man 
either  as  "  measles "  or  as  tapeworms.  The  latter  occur  in  human 
beings  as  tapeworms  only. 

§  203.  The  taenia  solium  in  its  fully  developed  condition  possesses 
usually  a  length  of  from  2  to  3  metres.  Its  head  (Fig.  511)  is  as  large 
as  a  small  pinhead,  and  is  sj^herical  in  shape ;  it  has  quite  prominent 
sucking-cups.  The  crown  of  its  head  is  not  infrequently  pigmented, 
and  is  the  bearer  of  a  fairly  large  rostellum  with  some  twenty -six  coarse, 
closely  aggregated  hooks,  with  short  rootlets  (Fig.  511).  Following 
the  head  comes  a  filiform  neck  almost  an  inch  long.  A  certain  distance 
from  the  head  there  commences  a  division  into  segments.  The  first 
segments  are  very  short,  but  their  length  increases  from  before  back- 
ward (Fig.  512).  They  become  first  square  and  finally  longer  than  they 
are  wide.  About  130  cm.  behind  the  head  the  mature  segments  begin, 
though  the  sexual  organs  were  fully  developed  in  the  earlier  segments. 
The  mature  segments  (Fig.  513)  are,  when  stretched  out,  9  or  10  mm. 


A. 
FIG.  5n. 


FIG.  513. 


FIG.  513. 


FIG. 
mounted 


Fig. 
Fig. 


511.— Head  of  tcenia  solium  with  protruding  rostellum.    (Preparation  stained  with  carmine  and 
in  Canada  balsam.)    Magnified  50  diametere. 

513.— Half-developed  and  fully  matured  segments.    Natural  size.    (After  Leuckart.) 

513.  —Two  proglottides  with  uterus.    Magnified  3  diameters.    (After  Leuckart.) 


long  and  6  or  7  mm.  wide,  and  have  their  corners  rounded  off.  The 
sexual  orifice  is  situated  laterally  in  the  posterior  half  of  the  body. 
The  uterus  possesses  from  seven  to  ten  lateral  branches,  which  are  sep- 
arated from  one  another  by  a  considerable  distance,  and  end  in  a  vari- 
able number  of  boughs  branched  like  a  tree.  The  uterus  is  filled  with 
eggs. 
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The  parenchyma  of  the  body  of  mature  as  well  as  of  immature  pro- 
glottides (or  tapeworm  segments)  (Fig.  514)  is  divided  into  two  chief 
layers,  of  which  the  central  is  known  as  the  middle  layer,  the  jjeriph- 
eral  as  the  cortical  layer.  The  middle  layer  includes  the  sexual  organs 
(Fig.  514,  c?,  d,  e,  /,  g,  li,  i,  h,  I,  m,  n) ,  and  also  the  water  vascular  sys- 


FiG.  514.— Segment  of  tcviiia  solium  with  fully  developed  sexual  apparatus.  (After  Sommer.)  J., 
Surface  view  of  segment ;  B,  border  of  adjacent  anterior  segment ;  C,  that  of  adjacent  posterior  segment, 
o.  Longitudinal  excretory  trunk ;  a^,  transverse  anastomosis;  Z>,  longitudinal  plasma- vessel ;  c.  testicular 
vesicles ;  ch  seminal  ducts  ;  e,  vas  deferens ;  /,  cirrus-bag  with  cirrus  (or  penis) ;  g,  porus  genitalis ;  7i, 
border  papilla ;  r,  vagina;  k,  ovary;  Z,  albumin  gland ;  m,  shell-gland,  and  oviduct  in  front  of  same;  n, 
uterus.    Magnified  30  diameters. 

tem  (a) ,  an  excretory  apparatus  which  traverses  the  whole  tapeworm 
from  head  to  last  segment  in  the  form  of  two  canals  located  in  the  lateral 
border  of  the  middle  layer.  The  canals  are  connected  with  each  other 
at  the  posterior  end  of  each  segment  {a')  and  also  send  subdividing 
branches  to  the  parenchyma  of  the  body. 

The  sexual  apparatus  consists  of  male  and  female  sexual  organs  lying 
close  together.  A  number  of  clear,  small  vesicles  serve  as  testicles  (c), 
lying  chiefly  in  the  anterior  part  of  the  middle  layer.  The  vas  deferens 
(e),  which  is  connected  with  the  testicles  by  the  seminal  ducts  (d),  opens 
into  an  umbilicated  papilla  located  on  the  lateral  border  (It).  The 
coiled  end  (/,  g)  lies  in  a  muscular  bag  and  may  be  protruded  through 
the  sexual  orifice  {cirrus) .  The  female  sexual  orifice  is  located  just  back 
of  the  male  orifice  in  the  same  sexual  cloaca.  The  vagina  (i)  leads 
thence  to  the  posterior  boraer  of  the  segment.  Before  reaching  the  lat- 
ter it  widens  into  the  seminal  vesicle,  and  behind  this  into  the  fructify- 
ing canal  and  the  so-called  "globular  body."  The  germ-preparing  or- 
gans, which  are  to  be  sought  in  the  immature  segments,  consist  of  a 
double  ovary  (k)  and  a  single  albuminous  gland  (?) ;  these  are  sac-like 
or  tubular  organs  which  lie  in  the  posterior  part  of  the  segments  and 
are  connected  with  the  globular  body.  The  latter  is  joined  to  the  ante- 
riorly located  uterus  (?i),  which  at  the  time  of  sexual  maturity  forms  a 
straight  canal.  When  the  eggs  enter  the  uterus  from  the  globular  body, 
in  which  they  attain  their  first  stage  of  development,  the  above-men- 
tioned lateral  branches  sprout  forth  and  become  filled  with  eggs.  While 
this  is  going  on  the  remaining  sexual  organs  disappear. 

The  cortical  layer  of  the  proglottides  is  essentially  muscular  in  charac- 
ter, but  in  addition  contains  a  large  or  smaller  collection  of  so-called 
calcareous  bodies,  which  are  not  entirely  wanting  in  the  middle  layer 
as  well.  The  muscular  supply  consists  of  smooth  fibres,  which  form 
special  groups  on  the  suckers  of  the  head.  The  surface  of  the  tape- 
worm is  covered  with  a  clear  cuticle,  which  forms  the  hooks  on  the  head. 

The  eggs  in  the  ovary  are  thin-skinned,  pale  and  yellow,  almost  glo- 
bular ceils.     In  the  uterus  they  change  into  yellowish  balls  with  a 
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Fig.  516. 
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thicker,  more  or  less  opaque  shell,  which  is  covered  with  closely  placed 
spicules  (Fig.  515,  a).     This  shell  is  frequently  surrounded  by  a  second 

envelope,  an  albuminous  layer 
(6),  limited  by  a  membrane, 
and  in  it  are  embedded  nuclei 
(primitive  yolk-skin,  or  vitelline 
membrane).  The  diameter  of 
the  eggs,  not  including  the  vi- 
telline membrane,  amounts  to 
0.03  mm. 

The  thick-shelled  balls  are 
no  longer  undeveloped  eggs,  but 
contain  an  emhnjo  with  six  hook- 
lets.  There  takes  place,  then, 
while  it  is  still  in  the  uterus, 
a  development  of  the  embryo, 
and  the  fully  developed  seg- 
ments are  here  impregnated. 

The  further  development  of 
the  embryos,  which  are  now  in- 
closed in  a  brownish  shell,  does 
not  take  i)lace  in  the  same  host 
which  shelters  the  tapeworm, 
but  in  another.  If  the  embryos 
reach  the  stomach  of  a  pig  the 
egg-shell  becomes  dissolved, 
and  the  embryos,  thus  liberated, 
bore  their  way  into  the  wall  of 
t  h  e  stomach  o  r  intestine. 
Thence  they  proceed,  either  by 
way  of  the  blood  or  by  means  of 
active  migration,  through  the 
tissues  into  this  organ  or  that. 
Having  reached  a  resting-place 
the  embryo  undergoes  various 
metamorphoses,  and  changes  in- 
side of  two  or  three  months  into 
a  cyst  filled  with  serum  (Fig. 
516),  from  whose  wall  there 
shoots  forth  like  a  bud,  toward 
the  interior,  a  scolex ;  from  this 
a  new  tapeworm  head  develops, 
as  does  also  a  sac  enveloping 
the  same  {receptacidum  scolicis) . 
The  cyst  provided  with  a 
tapeworm  head  is  known  as  a 
*'  measle  "  or  Cysticercus  cellu= 
losae.  The  soolices,  when  fully 
developed,  possess  a  circle  of 
hooks,  suckers,  a  water  vascular 
system,  and  numerous  calcareous  bodies  in  their  body  parenchyma.  If 
thej  get  into  a  human  stomach  the  cyst  dissolves,  and  there  develops, 
through  formation  of  segments  from  this  primary  host  (Amme),  a  new 
chain  of  proglottides,  a  new  tcenia  solium. 


K 


FIG 


Fig.  515.— Eggs  of  ta3nia  solium,  h.  With  vltelliiie 
membrane;  a,  without  latter.  (After  Leuckart.)  Mag- 
nified 300  diameters. 

Fig.  SIQ.— Cysticercus  ceTlulosce  with  fully  developed 
head  in  situ.  (After  Leuckart.)  Magnified  4  diame- 
ters. 

Fig.  517.— Cysticerci  of  the  tcenia  solium  in  the  epi- 
cardium  and  muscular  tissue  of  the  heart  of  a  pig. 
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The  tcema  soliain  occupies  the  small  intestine  in  man,  and  is  ac- 
quired by  the  consumption  of  uncooked  pork,  since  the  "  measles  "  be- 
longing to  this  parasite  occur  almost  solely  in  human  beings  and  swine. 
Generally  there  is  only  a  single  parasite  present  in  the  intestine,  though 
the  simultaneous  occurrence  of  several  is  not  rare.  Occasionally  as 
many  as  thirty  or  forty  are  observed  in  one  individual.  They  occasion 
irritation  of  the  intestinal  mucous  membrane,  colic,  and  reflex  disturb- 
ances in  the  central  nervous  system. 

The  "  measles  "  in  the  tissues  of  the  swine  are  sometimes  single, 
sometimes  numerous  (Fig.  517) ,  and  it  can  happen  that  single  organs — as, 
for  example,  a  muscle  or  the  heart — may  be  thickly  sprinkled  with  them. 

In  man  the  cysticerci  occur  in  the  most  varied  tissues — the  muscles, 
brain,  eyes,  skin,  etc.  In  the  brain  membranes  and  the  brain  itself  the 
"measles  "  may  appear  in  the  form  of  collections  of  cysts  bunched  like 
mulberries  or  grapes,  and  called  Cysticercus  racemosiis  (Zenker).  The 
cysts  are  mostly  sterile,  though  some  of 
them  may  contain  a  scolex.  Their  impor- 
tance depends  upon  their  location,  but  is 
generally  slight ;  their  presence  in  the  brain 
often  gives  rise  to  serious  disturbances,  and 
yet  in  other  cases  all  morbid  symptoms 
may  be  lacking.  Locally  their  presence 
excites  a  slight  inflammation,  which  leads 
to  a  thickening  of  the  connective  tissue  in 
the  immediate  vicinitj^  of  the  cyst.  The 
latter  retains  its  vitality  for  years.  After 
the  death  of  the  scolex  the  cyst  shrivels  up, 
and  within  it  there  accumulates  a  chalk- 
like mass.  In  this  mass  the  hooks  remain 
a  long  time.  Infection  with  the  "measles  " 
follows  the  presence  of  eggs  or  proglottides 
in  the  human  stomach. 


§  204.    The   taenia     mediocanellata   (or 

saginata)  surpasses  the  tcenia  solium  not 
only  in  length  (it  measures  from  4  to  7 
metres  in  length  and  even  longer),  but  also 
breadth  and  thickness,  as  well  as  in  the 
size  of  the  proglottides  (Fig.  518). 

The  head  is  devoid  of  rostellum  and  a 
circle  of  hooks  (Fig.  519),  but  is  provided 
with  a  flat  crown  and  four  large  and  power- 
ful suckers,  VN'hich  are  generally  surrounded 
by  a  black  fringe  of  pigment. 

The  eggs  are  similar  to  those  of  the 
tcenia  solium.  The  fully  developed,  pregnant 
uterus  (Fig.  520)  has  a  great  number  of  lat- 
eral branches  which  run  close  together  and, 
instead  of  branching  like  a  tree,  divide  only 
dichotomously.  The  sexual  orifice  lies  pos- 
teriorly to  the  centre  of  the  lateral  border. 
The  eggs  are  for  the  most  part  already  dis- 
charged from  those  segments  which  become 
spontaneously  separated  from  the  rest. 


-Portions 
Natural 


from 
size. 


a   ta'n  ia 
(After 
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The  "measles "'  are  found  in  tlie  cow  cliiefly  in  the  muscles  and  heart, 
more  rarely  in  other  organs,  and  are  somewhat  smaller  than  in  swine. 

The  development  follows  a  course  similar  to  that  of  the  kenia  solium. 
Irregularities  of  formation  are  ver}'  common  in  the  tapeworm. 

Human  beings  acquire  tapeworms  by  the  consumption  of  raw  beef. 
This  worm  is  more  widespread  than  the  tcenia  solium.  It  has  not 
been  definitel}^  settled  whether  the  "  measles  "  occur  in  the  human  l^eing 
or  not,  although  some  authors  (e.g.,  Arndt  and  Heller)  insist  that 
they  do. 

The  t(Enia  cucumerina  (or  elliptica)  is  from  15  to  20  cm.  long,  and  possesseo  a  head 
with  a  rostellum  and  a  circle  of  hooks.  It  occurs  very  frequently  in  dogs  and  cats,  but 
more  seldom  in  man.  Its  cysticercoid  infests  the  louse  and  flea  of  the  dog,  and  mv.re 
rarely  the  flea  of  human  beings  (Grassi  '). 

Tosnia  nana,  a  small  tapeworm  from  8  to  15  mm.  long,  has  a  head  with  four  suckers 
and  a  circle  of  hooks.  It  has  been  observed  in  Eg>-pt  and  Italy.  B.  Grassi  ^  was  able 
to  obtain  several  thousand  specimens  from  two  Sicilians  who  had  suffered  from  severe 
nervous  disturbances.  According  to  his  investigations, ^  the  tsenia  pas.ses  its  whole 
period  of  development,  from  the  embryonal  stage  onward,  in  the  interior  of  one  host. 
Visconti  ^  found,  in  an  autopsy  on  a  young  man  from  northern  Italy,  taenia  nana  in 
great  numbers  in  the  lower  part  of  the  ileum.  According  to  Grassi,  the  tcenia  lepto- 
cephala,  which  is  common  in  mice,  occurs  also  in  man. 


riG.  519. 


Fig.  520. 


Fig.  521. 


Fig.  519.— Head  of  a  fa' )H'a  sagümf a,  retracted.    Black  pigmentation  in  and   between   the  suckers. 
(Unstained  glycerin  preparation.)    Magnified  30  diameters. 

Fig.  520.— Segment  of  tcvnia  saginata.    Magnified  lyi  diameters.    (After  Leuckart.) 

Fig.  521.— Full-grown  teenia  echinococcus.    (After  Leuckart.)    Magnified  12  diameters. 


§  205.  The  taenia  echinococcus  lives  in  the  intestinal  canal  of  the 
dog.  It  is  4  mm.  long,  and  possesses  only  four  segments,  of  which  the 
most  posterior  surpasses  in  length  all  the  rest  put  together  (Fig.  521) . 

The  booklets  have  coarse  root  processes  and  are  implanted  on  a  ros- 
tellum which  bulges  out  considerably.  The  number  of  booklets  amounts 
to  some  thirty  or  forty. 

^  "  Beiträge  zur  Kenntniss  des  Entwickelungscyclus  von  fünf  Parasiten  des  Hundes," 
Centralhlf.  Bakt.,  iv.,  1888. 


'^  Centralbl.  f.  BaM.,  i.,  1887. 
^  Centralbl.  f.  Bakt.,  ii.,  1887. 
"^ Eendiconti  R.  Instituto  Lomhardo,  xviii. 
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Only  the  cyst-iuorm  occurs  in  man.  It  follows  the  introduction  of  the 
taenia  eggs  into  the  intestinal  canal. 

If  the  embryo  chances  to  wander  from  the  intestinal  canal  into  some 
organ,  it  changes  into  a  cyst  which  is  incapable  of  active  motion.  It 
consists  of  an  external,  very  elastic  cuticle  divided  into  layers  (Fig.  522, 


Fig.  5^.— Wall  of  an  echinococcus-cyst  containing  brood-capsules  and  scolices.  ('Alcohol ;  carmine.) 
a,  Chltlnous  membrane ;  b,  parenchymatous  layer  with  distended  cells ;  c,  brood-capsules ,  d,  e,  /,  g,  h,  sco- 
nces In  different  stages  of  development.    Magnified  100  diameters. 


a),  and  a  parenchymatous  layer  lying  internal  to  this,  consisting  of 
granular  matter  and  cells,  and  containing  muscle-bundles  and  a  circula- 
tory system  {b).  When  the  cyst  has  reached  the  size  of  a  walnut  ap- 
proximately (sometimes  earlier),  there  are  formed  from  the  parenchy- 
matous layer  small  brood-cajjsides  (c)  which  produce  a  still  greater  number 
of  scolices.  The  first  stage  of  this  tapeworm  head  consists  of  a  granular 
mass  of  protoplasm  (d)  lying  in  the  wall  of  the  brood-capsule ;  this  de- 
velops further,  and  shows  a  cavity  (e)  which  communicates  with  the  cav- 
ity of  the  brood-capsule,  and  later  on  becomes  differentiated  into  a  tape- 
w^orm  head  (/)  provided  with  a  circlet  of  hooks.  By  this  time  the  head 
(A)  protrudes  into  the  lumen  of  the  brood-capsule  {g,  li) ,  and  measures 
some  0.3  mm.  in  length.  It  possesses  a  rostellum  with  coarse  booklets, 
four  suckers,  a  water  vascular  system,  and  numerous  chalk-like  bodies 
in  its  parenchyma.  Frequently  the  anterior  part  of  the  body  is  tele- 
scoped into  the  posterior  part  {g). 

In  many  cases  the  echinococcus  cyst  remains  single.  The  only  pos- 
sible variation  consists  in  an  enlargement  to  the  size  of  an  orange  or 
fist,  through  the  development  of  new  brood-capsules  and  heads.  The 
surrounding  tissue  forms  a  connective-tissue  capsule,  in  which  the  cutic- 
ular  cyst  lies  inclosed.  The  cavity  of  the  cyst  is  filled  with  a  clear 
fluid,  which  does  not  precipitate  on  boiling  or  on  the  addition  of  acid. 
The  brood-capsules  are- always  fastened  to  the  inner  surface,  unless  me- 
chanically dislodged,  and  are  visible  as  small  white  points  through  the 
translucent  cyst-parenchyma.     Occasionally  the  cyst  remains  sterile. 

In  some  cases  daughter-cysts  develop  (Fig.  522,  c).  Their  develop- 
ment proceeds  independently  of  the  real  parenchymatous  layer  in  the 
depth  of  the  cuticle.     Between  two  lamellae  of  the  cuticle  there  is  formed 
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a  collection  of  granules,  wliicli  become  surrounded  by  a  new  cuticle  and 
in  this  way  become  the  centre  of  a  fresh  set  of  layers.  As  the  number 
of  layers  increases  the  cavity-  grows  larger  and  its  contents  become  clear. 
When  the  daughter-cysts  grow  they  bulge  out  the  wall  of  the  parent- 


FiG.  523.— Echinococcus  bydatidosus.  a.  Surface  of  tbe  liver ;  h,  indurated  connective  tissue ;  c,  daughter- 
cysts  within  a  parent-cj^st  which  has  been  opened  by  an  incision  ;  d,  membrane  which  has  become  adherent 
to  the  cyst.    Five-sixths  natural  size. 


cyst  like  a  hernial  sac  until  it  finally  gives  way  and  liberates  its  con- 
tents. If  these  travel  outward  beside  the  parent-cyst  they  derive  from 
the  parenchyma  in  which  they  lie  an  external  connective-tissue  cap- 
sule, and  then  proceed  to  generate  brood-cajDSules  in  the  same  way  as 
do  the  primary  cysts  which  grow  from  six-hooked  embryos. 

An  echinococcus  with  an  exogenous  i^roliferation  is  called  echinococ- 
cus  granulosus  (scoleciijcrriens-  of  Küchenmeister),  or  sometimes  echi= 
nococcus  veterinorum,  because  it  occurs  commonly  in  the  domestic 
animals. 

A  second,  compound  form  of  the  echinococcus  is  the  echinococcus 
hydatidosus.  It  is  characterized  by  the  presence  of  inner  daughter- 
cysts  (Fig.  522,  c).  According  to  statements  made  by  Naunyn  and  con- 
firmed b}^  Leuckart,  the  scolices  and  brood-capsules  may  undergo  a 
cystic  metamorphosis  and  in  this  way  become  daughter-cysts.  The 
daughter-cysts  occasionally,  in  a  later  stage  of  their  existence,  give  ori- 
gin to  a  third  generation  of  cysts.  All  cysts  occurring  in  the  forms  of 
echinococci  thus  far  considered  may  attain  a  very  considerable  size. 

The  third  form  of  echinococcus,  the  echinococcus  multilocularis, 
never  develops  any  but  small  cysts  which  vary  in  size  from  that  of  a 
millet-seed  to  that  of  a  pea,  but  these  cysts  are  invariably  present  in 
larger  numbers.     This  echinococcus  presents  itself  as  a  fii'm  tumor,  lo- 
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cated  "usually  in  the  liver,  very  rarely  in  other  organs,  and  possessing 
an  alveolar  structure  (Fig.  524) — that  is,  a  thick,  compact  connective- 
tissue  mass  inclosing  numerous  cavities.  Its  contents  are  gelatinous  and 
translucent,  or  else  consist  of  a  fluid  and  a  gelatinous  mass.  The  shape 
of  the  cavities  is  somewhat  globular  at  times,  at  others  irregular.  Usu- 
all}^  through  softening  and  destruction  of  the  parenchyma  ulcerous  cavi- 
ties (c)  are  formed  here  and  there.  In  other  places  the  cysts  are  shriv- 
elled up  and  calcified,  or  the  tissues  are  infiltrated  with  bile.  Where 
the  development  of  the  colonies  has  progressed  further  there  appear  in 
the  tissues  yellow  nodules  [d)  in  which  a  dark  centre  soon  forms,  later 
becoming  liquid.  The  exquisite  alveolar  structure  has  given  rise  to  the 
theory  that  echinococcus  is  an  alveolar  tumor  with  colloid  contents. 
Yirchow  was  the  first  to  recognize  the  real  nature  of  the  process  and 
to  demonstrate  that  the  so-called  colloid  masses  are  echinococcus  cysts. 
The  contents  of  the  smallest  cj'sts  are  granular  masses ;  in  larger  ones 
the  contents  have  become  liquefied.  The  granular  coating  of  the  cuticle 
only  rarely  contains  scolices,  the  cysts  being  for  the  most  part  sterile. 

Whether  the  multilocular  echinococcus  is  a  modification  of  the  exog- 
enous proliferating  echinococcus  or  a  separate  species  is  as  yet  unde- 
termined.    Mangold  and  Müller  consider  it  a  distinct  species. 

The  infection  of  human  beings  follows  the  chance  ingestion  of  eggs  of 
the  taenia  which  occurs  in  dogs.  The  liver  is  the  most  frequent  site  of 
the  cysts,  but  the  echinococcus  occasionally  occurs  in  the  most  diverse 
organs — e.g.,  the  lungs,  spleen,  intestine,  bones,  or  heart.     Apart  from 


riG.  524.— Transverse  section  of  an  ecMnococcus  multilocularis,    a.  Alveolar  structure  of  the  ecliino- 
coccus  tissue ;  ö,  liver-tissue  ;  c,  cavity  produced  by  softening ;  d,  fresh  nodules.    Natural  size. 


the  disturbance  of  the  tissues  and  the  local  inflammation  which  it  excites 
(the  latter  cause  leading  in  some  organs,  to  the  formation  of  a  connective- 
tissue  capsule),  it  frequently  has  no  harmful  effect  whatever  on  the 
patient.  It  often  dies  on  attaining  a  certain  size  (from  the  dimensions 
of  a  walnut  to  those  of  an  apj)le),  the  liquid  becomes  absorbed,  the  cyst 
shrivels  up,  and  there  remains  within  only  a  fatty,  caseous  detritus. 
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which,  often  calcifies  to  a  mortar-like  mass.  The  hooks  may  be  found 
in  this  mass  for  a  very  long  time. 

In  other  cases  the  echinococcus  enlarges,  especially  if  endogenous 
or  exogenous  daughter-cysts  develop.  Under  these  circumstances  it 
may  become  dangerous  on  account  of  its  size.  Occasionally,  especially 
following  traumata  or  rupture  of  the  cysts  into  one  of  the  body-cavities, 
severe  inflammations  ensue.  Rupture  into  the  blood  circulatory^  system 
also  occurs,  and  may  lead  to  a  transplantation  of  the  cysts  and  to  a 
plugging  of  the  vessels.  In  more  favorable  cases  the*  rupture  i:)oints  out- 
wardly or  into  the  intestine. 

The  echinococcus  is  very  widespread,  though  not  very  common.  It 
occurs  most  frequently  in  Iceland,  where  the  inhabitants  live  in  close 
contact  with  dogs.      It  is  a  striking  fact  that  the  multilocular  form  is 

chiefly  observed  in  Switzerland  and  in  south- 
ern German}'. 

Teen i 86,  exclusive  of  the  kinds  shared  in  common 
with  man,  occur  very  frequently  in  the  domestic  ani- 
mals, and  not  only  in  tlie  Carnivora  and  in  birds,  but 
also  in  tlie  Herbivora. 

The  taenia  marginata  of  the  dog  is  a  tapeworm 
from  1  to  5  metres  long,  provided  with  a  double  circlet 
of  hooks,  living  as  a  cyst-worm  in  and  beneath  the 
serous  membranes  of  sheep,  cattle,  goats,  and  swine, 
and  forming  cysts  of  various  sizes. 

The  tcenia  serrata,  a  taenia  of  the  dog,  some  50  to 
100  cm.  long,  armed  with  hooks,  is  the  developed  state 
of  certain  cysticerc»  occurring  in  rabbits  and  hares. 

The  tcenia  coenurus,  a  tapeworm  of  the  dog,  some 
40  to  100  cm.  in  length  and  provided  with  hooks, 
passes  its  cystic  stage  most  frequently  in  sheep.  Here 
it  seeks  out  the  central  iiervous  system  and  forms  cysts 
which  vary  in  size  from  that  of  a  millet-seed  to  that 
of  a  hen's  egg,  and  which  produce  great  numbers  of 
scolices.     Their  presence  in  the  brain  causes  the  so- 


§  206.    The    bothriocephalus    latus,   or 

pithead,  is  the  most  formidable  tapeworm 
of  man,  measuring,  as  a  rule,  from  5  to  8 
metres  in  length,  and  being  made  up  of 
from  three  to  four  thousand 
short  but  broad  segments 
(Fig. 525) ;  these  are  broad- 
est in  the  middle  region  and 
get  narrower  at  the  end. 
The  length  of  the  largest 
segments  amounts  to  3.5 
mm. ;  the  width  from  10  to 
12  mm. 

The  head  (Fig.  526)  has 
an  elongated  oval  or  club 
shape,  is  2.5  mm.  long  and  1 
mm.  wide,  and  is  somewhat 
flattened  down.  It  posses- 
ses on  each  lateral  border 
a  slit-like  depression,  and  is 
mounted  on  a  filiform  neck. 


Fig.  525. 


Fig.  52B.— Bothriocephalus  latus. 
Ural  size. 


Fig.  526. 


(After  Leuckart.)    Nat- 


FiG.  526.— Head    of    hnthriocephalus  latu^   of   Bremser, 
Magnified.    (After  Heller.) 
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The  body  is  thin  and  flat  like  a  ribbon,  except  the  central  parts  of  the 
segments,  which  project  somewhat  outward.     At  this  spot  the  uterus  is 

a 


^4ri- 


Fig.  527.— Median  portion  of  a  proglottis  of  the  bothriocephalus  latus,  showing  dorsal  surface.  The 
cortical  layer  of  the  segment  has  been  removed,  except  a  border  on  each  side,  and  the  middle  layer  thus  ex- 
posed. (After  Sommer.)  a.  Lateral  vessels ;  ö,  testicular  vesicles ;  c,  testicular  canaliculi ;  d,  vas  deferens ; 
e,  posterior,  /,  anterior  hollow  muscle  arrangement  (cirrus-sac  of  vas  deferens) ;  g,  ovary ;  7i,  yolk-chambers, 
situated  in  cortical  layer ;  i,  collecting- tube  of  yolk-mass,  branches  of  which  lead  ventrally  to  the  yolk- 
chambers  ;  k,  shell-gland;  ?,  beginning  of  uterus  ;  m,  knot  of  uterus  filled  with  eggs,  with  öriüce  opening 
on  the  anterior  surface ;  n,  vagina ;  o,  vaginal  orlflce.    Magnified  35  diameters. 

found,  in  the  shape  of  a  simple  canal,  which  forms  a  number  of  coils 
(Fig.  527,  m).  When  the  eggs  collect  here  in  great  numbers  the  lateral 
coils  of  the  uterus  arrange  themselves  in  knots,  so  that  a  remarkable 
rosette-like  appearance  is  produced.  The  sexual  orifices  lie  in  the  me- 
dian line  of  the  ventral  surface,  near  the  anterior  border  of  the  segment, 
the  female  orifice  (o)  being  close  behind  the  male  (/). 

The  ovary  (g)  is  a  double  organ  which  lies  in  the  middle  layer.  The 
yolk-chambers  (Ji),  on  the  other  hand,  are  located  in  the  cortical  layer. 
Back  of  the  collecting- tube  (0  of  the  yolk-chambers  lies  the  shell  gland 
(k).  The  testicles  consist  of  clear  vesicles  (b)  lying  in  the  lateral  part 
of  the  middle  layer  and  connected  by  means  of  fine  canaliculi  (c)  with 
the  vas  deferens  (d),  which  terminates  in  the  cirrus-sac  (e,  f). 

The  eggs  (Fig.  528)  are  oval,  and  have  a  length  of  0.07  mm.  and  a 
breadth  of  0.045  mm.  They  are  surrounded  by  a  thin  brown  shell,  the 
anterior  pole  of  which  is  formed  by  a  sharply  limited  cap-like  cover. 

The  bofhriocej^halus  latus  occurs  especiaUy  in  Switzerland,  north- 
eastern Europe,  Holland,  and  Japan,  and  lives,  like  the  Taenia,  in  the 
small  intestine  of  man.  According  to  Bollinger,  it  is  also  quite  common 
in  Munich.  The  first  development  of  the  eggs  takes  place  in  water. 
Months  afterward  there  develops  an  embryo  (Oncosphcera),  armed  with 
six  booklets  (Fig.  529)  and  covered  with  minute  cilia.  This  develops 
in  an  intermediate  host  (as  yet  unknown)  to  a  "measle"  ( Plerocerroid), 
which,  according  to  the  investigations  of  Braun  in  the  Eussian  Baltic 
Sea  provinces,  seeks  out  as  second  host  the  pike  or  tadpole,  and  either 
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in  the  muscles  or  in  tlie  intestines  of  these  fish  develops  to  a  sexless 
tapeworm.  According  to  Grassi  and  Parona,  the  "measle"  of  the 
hothriocephalus  latus  occurs  in  Italy  both  in  the  pike  and  in  the  river- 
perch  ;  in  Japan  it  is  found  most 

often    (Ijima,   Leuckart)    in     the  ,.  ^-Ttr-j.ur'-,/  ^ 

oncorliynchus    Perry i.        Zschokke  ^vf 

found  it  in  the  following  fishes  of  / 

the  Lake  of  Geneva:    Lota  vulgar-  /  /X-.-^^.^.^^    X'f^ 

is,  perca  ßuviatilis,    sahno    urnbla, 
esox     lucius,    trutta    vulgajns,    and 


Fig.  528.— Eggs  of  bnthriocephdlus  latus,  the  one       Fig.  529.— Free  embryo  of  bothriocephahis  latm^ 
to  the  right  having  been  emptied  of  its  yolk-contents.  with  ciliated  envelope.    (After  Leuckart.) 

(After  Leuckart.) 

trutta  lacustris.  It  is  most  frequent  in  the  tadpole  (Iota,  vulgaris)  and 
the  perch  (perca  ßuviatilis).  If  it  reaches  the  intestinal  canal  of  man 
by  ingestion  of  the  afore-mentioned  fishes  it  again  attains  sexual  ma- 
turity. According  to  Braun  and  Parona,  the  "measle"  maj-  also  be 
brought  to  development  in  the  dog  and  cat.  The  presence  of  bothrio- 
cephali  in  the  intestine  may  give  rise  to  a  gradualh'  progressing  anaemia, 
which  resembles  pernicious  anaemia.  How  the  presence  of  the  hothrio- 
cephalus causes  a  diminution  in  the  red  blood-corpuscles  and  the  per- 
centage of  haemoglobin  in  the  blood  is  unknown. 

In  Greenland  there  occurs  in  dogs  and  man  another  bothriocephalus,  which  grows 
only  1  metre  long,  and  possesses  a  heart-shaped  head.  It  is  known  as  the  bothriocephalus 
cordatus. 

III.  Protozoa. 

§  207.  Of  the  Protozoa  occurring  as  parasites  in  man,  but  a  small 
number  were  recognized  up  to  a  few  years  ago,  and  even  the  recognized 
forms  were  of  but  slight  importance,  since  there  could  be  ascribed  to 
them  no  particular  influence  on  the  tissues.  Following  the  investiga- 
tions of  the  last  few  years,  however,  various  species  have  become  known 
which  must  be  regarded  as  the  cause  of  morbid  processes,  and  it  is 
quite  possible  that  there  exist  still  other  protozoa  besides  those  already 
described  which  can  bring  about  pathological  changes  in  the  human 
body.  Representatives  of  all  four  classes  of  the  Protozoa  have  already 
been  observed. 

Of  the  Rhizopoda  there  occur  in  the  intestine  three  amoebae,  known 
as  the  amoeba  coli  vulgaris,  amoeba  coli  mitis  (Eoos,  Quincke),  and 
amoeba  dysenterice.  (Kartulis,  Osler,  Councilman,  Lafleur,  Kruse,  Pas- 
quale).  The  amoeba  dysenteriae  is  certainly  distinguishable  from  the 
other  two  forms,  while  the  amoeba  coli  vulgaris  and  the  amoeba  coli 
mitis  resemble  each  other  very  closely  and  may  possibly  be  identical. 

The  amoeba  coli  vulgaris  is  a  harmless  intestinal  parasite  occurring 
(according  to  Eoos,  Kruse,  and  Pasquale)  not  infrequently  in  the  bowel. 
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Boos  observed  tlie  amoeba  coli  mitis  in  a  case  of  chronic  enteritis,  the 
patient  having  always  lived  in  North  Germany. 

The  amoeba  coli  mitis  consists,  according  to  Eoos,  in  a  proto])lasmic 
cell-body  25  to  35  /^  in  diameter  in  its  globular  form,  exhibiting  slow 
motion  and  very  frequently  assimilating  foreign  bodies  (Fig.  530,  a)  — 
for  example,  bacteria  and  crumbs  of  food.  Besides  the  movable  form 
there  occur  (according  to  Eoos)  also  encysted  globular  forms,  surrounded 
by  a  membrane  with  a  double  outline,  and  inclosing  clear  round  vesicles 
in  their  interior  (Fig.  530,  h).  No  pathogenic  properties  are  disclosed 
if  they  are  fed  to  animals  (cats) . 

The  amoeba  dysenterise  (identical  with  the  amoeba  coli  described 
by  Loesch)  measures  in  diameter,  according  to  Eoos,  from  15  to  25  p-, 
but  according  to  Kruse  and  Pasquale,  from  10  to  50  !>■.  On  the  cell- 
body  are  recognizable  a  homogeneous  ectoplasm  and  a  changeable 
granular  entoplasm,  the  arrangement  of  which  varies  with  the  form  of 
the  amoeba  (Fig.  531,  a).  On  staining,  a  nucleus  in  the  interior  becomes 
visible.  The  cells  are  capable  of  active  motion,  and  assume  thereby  the 
most  varied  forms  {d).  Yery  frequently  they  contain  foreign  bodies  in 
their  interior,  especially  red  blood-corpuscles  or  fragments  of  them  (&), 
or  else  several  clear  vacuoles  (c).  Eoos  says  they  may  also  become 
encysted  (e). 

According  to  the  investigations  of  Koch,  Kartulis,  Kruse,  and  Pas- 
quale, they  are  invariably  present  in  the  dysentery  prevailing  in  Egypt, 
and  are  usually  also  demonstrable  in  the  faeces.  They  have  also  been 
observed  in  cases  of  dysentery  in  Eussia  (Loesch,  Massiutin),  in 
America  (Osier,  Councilman,  Lafleur,  Lutz,  Dock),  in  Germany  (Eoos), 
and  in  Austria  (Kovacs).  According  to  the  investigations  of  Kartulis, 
Councilman,  Lafleur,  Kovacs,  Eoos,  Kruse,  Pasquale,  and  others,  there 
is  probably  no  reason  to  doubt  that  they  are  of  some  significance  in  the 
origin  of  certain  forms  of  dysentery.  But  even  then  it  is  a  question 
whether  they  are  able  to  bring  about  morbid  changes  of  themselves  or 
only  when  acting  in  conjunction  with  bacteria ;  the  fact  that  when  occur- 


FlG.  530. 


FIG.  531. 


Fig.  530.— ^mceba  CO? i  mitis.  (After  Roos.)  a,  Freely  movable  amoebae  ;  ö,  encysted  amoebae.  Magni- 
fied 665  diameters. 

Fig.  531.— ^mccba  dysenterice  or  amoeba  coli  felis.  (After  Roos.)  a.  Amoebae  without  any  foreign 
contents ;  ?),  amoebae  containing  blood ;  c,  amoebae  with  large  vacuoles  in  their  protoplasm ;  d,  young  forms ; 
c,  encysted  forms.    Magnified  665  diameters. 


ring  in  the  tissues  they  are  invariably  accompanied  by  bacteria  may  be 
considered  as  confirmatory  of  the  latter  theory. 

The  dysentery  due  to  amoebae  is  characterized  by  the  occurrence  of 
a  hemorrhagic  catarrh  and  the  development  of  circumscribed  iilcers 
with  undermined  borders.  The  amoebae  not  only  multiply  in  the  intes- 
tinal mucous  membrane,  but,  according  to  Councilman,  Lafleur,  Eoos, 
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Kruse,  and  Pasquale,  penetrate  in  even  greater  numbers  into  the  mucosa, 
and  submucosa,  and  develop  here  great  colonies,  in  the  neighborhood  of 
which  the  tissues  become  necrotic,  even  without  any  considerable  quan- 
tity of  exudation  having  collected.  Following  the  perforation  of  the 
submucous  centres  of  disease  through  the  mucosa,  there  ensue  ulcers 
with  undermined  edges,  which,  gradually  enlarging, 
may  attain  a  very  considerable  size. 

If  abscesses  of  the  liver  arise  in  the  course  of 
amoebic  dysentery  they  contain  not  only  bacteria, 
but    also    amoebae,   and  it  is  to  be  considered  that 


Fig.  532. 


Fig.  533. 


FIG.  534. 


FIG.  535. 


YiG.  ^2.—Balantidium  iParamaicium)  coll.    (After  Claus.)     a.  Mouth:  &,  nucleus;  c.  a  granule  of 
starch  which  has  been  digested ;  d,  a  foreign  body  in  the  process  of  being  expelled.    Highly  magniüed. 

Fig.  533.— Cercomo72as  intestinalis.    (After  Davaine.) 

Fig.  SM.— Trichomonas  vaginalis.    (After  Kölliker.) 

FIG.  o35.—Trichomo)Wis  intestinalis.    (After  Zenker.) 


the  latter  as  well  as  the  former  are  concerned  in  the  disturbance  of  the 
liver- tissues. 

The  amoeba  dysenterice  is  also  pathogenic  in  cats,  causing,  after  being 
fed  to  them  or  introduced  into  the  rectum,  a  rapidly  progressing  and 
frequently  fatal  dysentery  which  resembles  exactly  the  amoebic  dysen- 
tery occurring  in  man;  in  them,  also,  the  amoebae  penetrate  into  the 
mucosa  and  submucosa. 

Of  the  class  Infusoria  there  occur  both  the  flagellate  and  the  ciliated 
varieties.  Of  the  latter  the  best  known  is  the  paramsecium  or  balanti- 
dium  coli  (Fig.  532).  This  is  a  large  infusorium,  which  is  thickly  cov- 
ered with  cilia ;  it  occurs  occasionall}^  in  the  large  intestine  and  the  faeces. 
Of  the  flagellate  Infusoria,  the  first  to  be  mentioned  is  the  cercomonas 
intestinalis  (Fig.  533),  a  pear-shaped  creature  with  a  spinous  process  at 
the  pointed  end  and  a  flagellum  at  the  blunt  end.  It  is  found  likewise  in 
the  intestine  in  catarrhal  conditions,  as  in  typhus  and  cholera  cases. 
According  to  Biitschli  and  Perroncito,  it  is  identical  with  the  megastoma 
entericum  of  Grassi  and  the  megastoma  intestinale  of  Blanchard,  and 
partially  passes  off  in  the  faeces  in  an  encysted  condition  (Perroncito), 
especially  if  there  is  no  diarrhoea  present.  It  also  occurs  in  mice,  rats, 
cats,  dogs,  sheep,  and  rabbits  (Grassi),  and  fastens  itself  to  the  surface 
of  the  intestinal  epithelia. 

Kannenberg  found  cercomonas  in  the  sputum  in  gangrene  of  the  lung. 
There  occurred  in  conjunction  with  the  foregoing  the  monas  lens,  a 
globular  infusorium  with  a  flagellum.  Streng  communicates  a  similar 
observation. 

Of  the  Trichomonas,  an  oval  infusorium  with  several  flagella  and  a 
comb-like,  undulating  fringe  mounting  its  full  length,  there  occurs  one 
species  in  the  vagina— the  trichomonas  vaginalis  (Fig.  534) — and  one 
in  the  intestine — the  trichomonas  intestinalis  (Fig.  535). 
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Marcliand  found  tricliomonadidse  with  four  filiform  flagella  and  an 
undulating  fringe  in  the  urine  of  a  man.  These  are  probably  identical 
with  the  trichomonas  vaginalis,  in  which  four  filiform  flagella  also  occur. 
Miura  also  furnishes  a  similar  observation.  Grimm  saw  whip-infusoria 
in  a  liver-abscess  and  an  abscess  of  the  lung.  Lindner  found  infusoria 
belonging  to  the  ciliated  class  in  the  crusts  of  an  itching  eczema  of  the 
scalp. 

Von  Leyden  and  Schandiün  ^  found  in  the  fluid  of  two  cases  of  ascites,  which  de- 
veloped as  a  consequence  of  a  malignant  abdominal  tumor,  an  amoeba  composed  of  color- 
less, gelatinous  cells,  which  stretched  out  pseudopods,  exhibited  a  hyaline  entoplasm  and 
a  granular  ectoplasm,  and  as  a  rule  lay  together  in  nests. 

§  208.  Of  the  Sporozoa  or  Qregarinas  which  occur  as  parasites  in 
man,  the  Coccidia  must  first  be  mentioned.  In  the  young  state  ih.Qj 
exist  as  non-capsulated  occupants  of  epithelia.  After  their  growth  has 
ceased  they  become  inclosed  in  a  shell.  In  this  condition  they  abandon 
their  resting-place,  and  generally  their  host,  and  develop  from  their 
contents  spores  containing  granular  masses  and  remarkable  rod-like 
embryonal  forms.     The  spores  are  spherical  or  ovoid. 

The  coccidium  oviforme  (Fig.  537)  is  a  parasite  of  the  intestine 
and  bile-ducts,  occurring  especially  in  rabbits.  In  some  cases  the^'  have 
been  observed  in  man.  Künstler  and  Pitres  found  coccidia  in  man  in 
the  exudation  in  a  case  of  pleuritis,  and  Podwyssozki  found  them  in 
the  liver. 

In  the  liver  of  rabbits  the  invasion  of  coccidia  leads  to  the  formation 
of  white  nodules,  which  may  reach  the  size  of  a  hazelnut,  and  are  known 
as  coccidia  nodules.  The  nodules  contain  a  white  or  yellowish-white 
mass,  and  consist  principally  of  dilated  bile-passages,  the  inner  wall  of 


Fig.  536.— Section  through  the  wall  of  ^  dilated  bile-duct,  filled  with  coccidia  and  the  seat  of  papillary 
growths.  This  condition  was  found  in  a  rabbit's  liver  that  M^as  studded  with  coccidia-nodules.  (Müller's 
fluid;  hagmatoxylin ;  eosin.)  a.  Connective  tissue ;  b,  branched  papillary  growths  filled  with  epithelium ; 
c,  coccidia.    Magnified  25  diameters. 


which  is  more  or  less  richly  furnished  with  papillary  growths  (Fig.  536), 
and  the  lumen  of  which  is  filled  with  immense  numbers  of  coccidia. 

The  coccidia  exist  in  the  bile-ducts  partly  in  the  form  of  a  shellless 
protoplasmic  structure,  partly  in  the  form  of  encapsulated  bodies.  ^  The 
smallest  coccidia  (i)»resumably  to  be  regarded  as  early  forms)  exhibit  a 

*  Leydenia  gemmipara,  Sitzungsbericht  d.  k.  Akad.  d.  Wiss.,  Berlin,  1896. 
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coarsely  granular  protoplasmic  formation  (Fig.  537  a,  h),  in  the  interior 
of  which  now  and  then  a  nuclear  aj^pearance  (a)  is  recognizable.  The 
larger  forms  exhibit  on  their  outer  surface  regularly  arranged  granules 
(c,  d),  which  stain  deeply  with  hsematoxylin.  The  enca2)sulated  forms 
occur  as  oval,  double-contoured,  clear-looking  bodies  (e,f,  g,  Ji),  in  the 
interior  of  which  lies  a  variously  shaped  mass  with  a  variable  amount 
of  granular  matter,  the  latter  n^ver  taking  up  but  a  portion  of  the  space 
in  the  capsule.  According  to  E.  Pfeiffer,  the  granular  coccidia  which 
are  not  encapsulated  may  split  up  in  the  animal  body  into  a  great  num- 
ber of  sickle-shaped  germs,  and  in  this  manner  increase  in  number. 
There  appear  at  one  pole,  whose  position  is  indicated  by  a  round  mass 
(the  nucleus),  radiating  septa,  which  wedge  their  way  through  the 
plasma.  Probably  the  sickle- 
shaped  germs  become  trans- 
formed into  small  amoeboid 
masses  of  protoplasm. 

Provided  the  encysted  coc- 
cidia reach  the  outer  world, 
there  may  arise,  under  suitable 
conditions,  inside  the  j)roto- 
plasm  (which  has  drawn  itself 
together  like  a  ball)  (Fig.  538, 
h)  four  sporocijsts  or  sporoblasts 


Fig.  537.— Coccidia  from  the  bile-ducts  of  the  rabbit's  liver  shown  in  Fig.  536,  in  various  stages  of  their 
development.  (Miiller's  fluid  ,  haematoxylin.)  a, /*,  Small,  coarsely  granular  early  forms;  c,d,  larger  forms 
v^^ith  darkly  stained  peripheral  granules :  c,  /,  g  /i,  oval  encapsulated  forms,  the  granular  protoplasm  of 
which— partly  coarse  and  partly  fine— Alls  out  only  a  part  of  the  capsule.    Magnified  400  diameters. 

Fig.  538.— Development  of  spores  in  encysted  coccidia.  (After  L.  Pfeiffer.)  a.  Mature  encapsulated 
parasite  with  evenly  distributed  protoplasm ;  7>,  protoplasm  collected  together  into  a  ball ,  c,  d,  e,  /,  develop- 
ment of  four  sporocysts,  a  protoplasmic  residue  remaining ;  (/,  h,  developing,  i,  k,  U  m,  v,  fully  developed 
sickle-germs  inside  the  sporocysts ,  o,  sickle-germ  leaving  sporocyst ,  p,  free  sickle-germ.  Magnified  750 
diameters. 


(c,  d,  e,f).  Inside  these  sporocysts  develop  formations  which  are  pri- 
marily globular,  later  oval,  and  which  at  a  still  later  date  produce  two 
sickle-shaped  germs  apiece  {g,  h,  i,  k,  I,  m,  n,  o,  p) . 

To  the  coccidia  probably  belong  also  certain  parasites  which  occur 
in  the  epidermis  in  man,  and  here  produce  peculiar  growths  known  as 
epithelioma  contagiosum  (Fig.  539).  In  its  fully  developed  condition 
the  growth  consists  of  a  nodule  the  size  of  a  small  pea  or  larger,  which 
projects  above  the  surface  of  the  skin,  shows  a  small  depression  in  the 
centre,  and  possesses  a  waxy  lustre. 

In  the  section  there  may  be  recognized  an  irregular  epithelial  growth 
(Fig.  539,  d)  with  a  central  orifice  opening  outward  (g) — that  is  to  say, 
a  formation  which  recalls  a  gland,  and,  indeed,  is  frequently  considered 
as  a  hypertrophic  sebaceous  gland,  but  which  is  only  an  independent 
new  growth  of  epithelium  brought  about   by  the  parasites.      These 
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develop  inside  the  epithelial  cells  of  the  irregular  growth  (e),  but  are 
pushed  toward  the  central  orifice  of  the  new  growth  by  the  epithelial 


•5*      ^    <?--,V- 
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Fig.  S39. —EpitJieUoma  contagiosum.  Section  through  greatest  diameter.  (Müller's  fluid;  hsema- 
toxylin.)  a,  Epidermis ;  b,  connective  tissue ;  c,  sebaceous  gland ;  d,  gland-like  epithelial  growths ;  c , 
parasites;  /,  horny  cells  mingled  with  parasites;  gf,  duct  filled  with  homy  epithelium  and  parasites. 
Magnifled  15  diameters. 


cells  behind  (/),  and  here  they  lie  in  a  meshwork  of  cast-off  and  horny 
epithelial  cells. 

Representing  the  earliest  stage  of  development  of  the  parasites,  there 
arise  in  the  epithelial  cells  small  protoplasmic  bodies  (Fig.  540,  a,  h), 
the  borders  of  which  are  onlj^  with  difficulty  to  be  distinguished  from 
the  cell-protoplasm;  occasionally,  however,  they  contain  in  their  interior 
small  distinct  granules,  and  become  through  them  more  distinct.  Later 
on,  their  size  increases,  until  finalh^  they  completely  fill  up  the  epithe- 
lial cells  {c,  d,  e),  so  that  the  nucleus  is  pushed  aside.  At  the  same 
time  the  granules  on  the  inside  increase  in  number  (c)  and  grow  into 
larger  bodies,  so  that  the  jDarasite  finally  becomes  divided  into  a  greater 
or  less  number  of  finely  granular 
structures  (d,  e,  f)  lying  in  a 
finely  granular  network.  Dur- 
ing this  time  the  cell-nucleus  is 
destroyed. 

The  epithelial  cells  which 
inclose  parasites  early  develop  a 
distinct  membrane,  which  grows 
more  and  more  distinct  and 
surrounds  the  jjarasites.  Those 
parasites  which  have  been  ex- 
pelled from  the  cells  form  oval 
bodies  which  appear  to  be  in- 
closed in  a  caj3sule  and  present 
a  homogeneous  appearance. 
They  stain  deeply  with  hsema- 
toxylin. 

The  contagious  epithelio- 
mata  may  appear  in  great  num- 
bers in  one  and  the  same  indi- 
vidual, and  several  persons  living  together  may  be  either  simultaneously 
or  successively  attacked.  The  spread  of  the  disease  may  then  be  re- 
ferred to  contagion. 

Our  knowledge  of  the  significance  of  the  so-called  "  sacs  of  Miescher  " 


Fig.  540.— Parasites  of  epithelioma  contagiosum  in 
various  stages  of  development,  lying  inside  epithelial 
cells.  (Müller's  fluid;  haematoxylin.)  a,  i>.  Epithelial 
cells  inclosing  a  protoplasmic  body  inside  of  which  lie 
single  large  granules ;  c,  an  epithelial  cell  almost  com- 
pletely filled  with  parasites;  d,  e,  /,  parasites  which 
completely  fill  the  cell  they  occupy,  and  which  have  be- 
come divided  into  numerous  separate  bodies  lying  in  a 
granular  network ;  the  cell-nucleus  has  been  destroyed 
in  f.    Magnified  about  500  diameters. 
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is  still  scanty.  They  are  sac-shaped  structures  which  occur  not  infre- 
quently in  the  muscles  of  swine,  cattle,  sheep  (especially  in  the  cesopha- 
gus),  and  in  mice.  They  differ  in  size  (Fig.  541,  A,  B)  and  lie  inside 
the  muscle-cells  (Fig.  541,  B).  In  the  fully  developed  parasite  the  con- 
tents of  the  sac  are  differentiated  into  single  segments  defined  by  a 
membrane  (Fig.  541),  and  these  in  turn  inclose  globular  {A,  C)  or  kid- 
ney- and  sickle-shaped  bodies  (D,  E).  The  parasite  is  classed  among 
the  Sarcosporidia.  The  separate  segments  are  known  as  sporocysts  or 
sporohlastSy  since  in  their  interior  the  kidney-  or  sickle-shaped  s]7ores 


FIG.  541.— Miescher's  sacs  iu  various  phases  of  development,  taken  from  swine  and  sheep.    (After  L. 
Pfeiffer.) 

A,  Sarcospore  vrith  four  sporoeyst  globules,  taken  from  the  cardiac  muscle  of  a  sheep.    Magnified  120 
diameters. 

B,  Sarcosporidia-sac  in  a  striped  muscle  of  the  swine.    Magnified  130  diameters. 

C,  Terminus  of  a  sac  Avlth  sporocysts,  the  latter  containing  round  spore-cells.    Magnified  500  diameters. 

D,  Terminus  of  a  sac  containing  both  undeveloped  and  mature  sporocysts.    At  the  left  end,  a  pseudopod 
"  like  a  cloak  and  covered  with  hairs.    Magnified  500  diameters. 

E,  Transverse  section  through  a  sac  with  sporocysts,  containing  sickle-shaped  spore-ceUs.    Magnified  500 
diameters. 


arise  {Rainey's  bodies),  and  from  these  latter,  under  suitable  conditions, 
new  Miescher's  sacs  may  develop  (Pfeiffer).  Ingestion  of  meat  contain- 
ing sarcosporidia  is  not  dangerous  for  human  beings. 

The  last  few  years  have  produced  a  very  unusual  number  of  reports  of  parasites  said 
to  belong  to  the  Sporozoa  or  Gregarinoe,  and  numerous  authors  have  considered  that  they 
were  justified  in  ascribing  various  morbid  processes,  chiefly  pathological  epithelial 
formations,  and  of  these  more  especially  cancer,  to  the  presence  of  gi-egarinae.  It  may. 
however,  be  remarked  that  only  a  very  small  part  of  what  have  been  described  as  para- 
sites are  really  to  be  looked  upon  as  such  ;  so  that,  so  far  as  man  is  concerned,  the  oc- 
currence of  parasitic  gregarinse  is  restricted  to  a  few  distinct  diseases. 

So  far  as  carcinoma  is  concerned,  notwithstanding  the  great  number  of  works  on  the 
.subject  (so  numerous  that  they  can  scarcely  all  be  perused — compare  §  128),  the  proof  is 
by  no  means  forthcoming  that  protozoa,  especially  gTCgarinpe,  are  present  inside  the 
epithelial  growths,  or  are  to  be  considered  as  the  cause  of  the  latter.  All  the  appear- 
ances described,  even  the  sickle-shaped  formations  and  those  provided  with  a  sort  of  cap- 
sule, which  have  been  seen  in  cancer-cells  and  considered  convincing,  permit  of  another 
explanation,  and,  in  my  opinion,  are  to  be  interpreted  partly  as  changed  nuclei,  partly 
as  altered  protoplasm  of  the  cancer -cells,  partly  as  products  excreted  by  the  cells,  and, 
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:finally,  partly  as  a  product  of  cell-fusion,  or  of  the  assimilation  of  leucocytes  by  the 
cancer-cells. 

The  disease  described  by  Darier  as  psorospermose  folliculaire  vegetante,  and  referred 
by  him  to  the  presence  of  sporozoa,  is  very  probably  only  a  skin  affection  characterized 
by  a  pathological  keratosis  (keratosis  follicularis  of  White),  in  which  little  horny  plugs 
and  pegs  are  developed  one  by  one  in  the  epithelium  of  the  skin  of  some  part  of  the 
body,  the  cutis  exhibiting  mild  inflammatory  symptoms.  According  to  Buzzi,  Miethke, 
Rieck,  Krösing,  Petersen,  and  others,  the  corps  ronds,  described  by  Darier  as  parasites, 
contain  keratohyalin  and  eleidin — that  is  to  say,  substances  which  occur  in  horny  cells, 
but  not  in  gregarinse. 

PageVs  disease  is  a  process  which  spreads  from  the  nipple,  commencing  with  an  in- 
flammation resembling  eczema  and  leading  to  superficial  ulceration,  said  to  finally  end 
in  a  cancerous  infiltration  of  the  skin.  It  has  been  referred  by  Darier,  Wickham, 
Malassez,  and  others  to  a  parasite — a  sporozoön  which  multiplies  in  the  epithelial  cells. 
It  is,  however,  an  eczema  arising  from  other  causes,  and  finally  leading  to  cancer,  or 
else  a  primary  cancer  accompanied  by  inflammatory  changes,  in  which  characteristic 
alterations  occur  in  the  epidermis — namely,  swelling  up  of  the  protoplasm  and  nuclei, 
and  development  of  vacuoles ;  there  also  develop  some  new  growths,  which  present  ap- 
pearances that  remind  one  strongly  of  parasites. 

I  consider  the  bodies  found  in  molluscum  as  parasites  (as  already  appears  from  the 
main  text),  though  this  opinion  is  opposed  by  various  authors  (Kromayer,  Hansemann, 
Török,  and  others).  The  growths  have  totally  different  characteristics  from  those  which 
are  described  as  having  been  found  in  cancer. 

Rosenberg  reports  the  discovery  of  sarcosporidia  in  the  muscle  of  the  human  heart. 
Kartulis  made  a  similar  discovery  in  an  abscess  of  the  liver  and  in  the  abdominal 
muscles  of  a  Sudanese. 

Pisenti,  Silcock,  Eve,  Bland  Sutton,  and  Jackson  Clarke  have  pointed  out  the  pos- 
sibility that  the  cysts  occurring  in  the  descending  urinary  passages,  in  ureteritis  cystica, 
may  be  of  parasitic  origin.  Lubarsch  and  Aschhoff  have  expressed  themselves  as  op- 
posed to  this  theory.  Prom  the  investigations  of  von  Kahlden,  it  has  nevertheless  been 
made  very  probable  that  the  ureteritis  cystica  is  really  caused  by  sporozoa. 

According  to  Hess  and  Guillebeau,  coccidia  may  occasion  diarrhoeal  diseases  of  the 
intestine  in  young  cattle. 

Guarneri,'  L.  Pfeiffer,-  E.  Pfeiffer,'  and  others ■*  consider  the  small,  easily  stained 
bodies,  surrounded  by  a  border  of  transparent  substance,  which  are  found  in  the  epithe- 
lium in  variola  and  vaccinia  at  the  beginning  of  the  disease,  to  be  protozoa,  and  Guar- 
neri  has  named  the  supposed  parasites  cytoryctes  vaccinae.  Nevertheless,  the  parasitic 
nature  of  these  organisms  is  not  wholly  proven.  They  may  be  merely  products  of  the 
generation  of  epithelial  nuclei,  or  wandering  leucocytes  (Salmon  °). 

According  to  Lindner,  the  organisms  discovered  by  Rainey  represent  stages  of  de- 
development  of  stemless  vorticellse. 

§  209.  Through  the  investigations  of  Laveran,  Marchiafava,  Celli, 
Golgi,  and  others,  it  may  be  considered  proved  that  the  cause  of  malaria 
is  a  parasite  belonging  to  the  Protistge,  which  has  been  named  by 
Marchiafava  and  Celli  the  Plasmodium  malaria,  and  which  at  the 
present  time  is  commonly  known  by  this  name.  The  parasite  exists  in 
the  blood  of  malaria  patients  in  various  forms,  chiefly  inclosed  in  cells ; 
and,  according  to  the  observations  of  Golgi,  Celli,  Marchiafava,  and 
others,  a  certain  connection  may  be  traced  between  the  number  and  stage 
of  development  of  the  plasmodia  and  the  attacks  of  fever.  The  para- 
sites run  through  many  stages  of  development  in  the  interval  between 
the  separate  attacks  of  fever,  the  stages  (according  to  the  authors  men- 
tioned) being  different  in  the  febris  quartana,  the  febris  tertiana,  and 
the  febris   quotidiana;  at  the  same  time  the  parasites  of  the  various 

^  "Ric.  sulla  patogenesi  ed  etiol.  dell'  infez.  vaccinica  e  variolosa,"  Arch,  per  le  Sc. 
Med.,  xvi.,  1892  ;  and  "Ulter.  ric.  sulla  etiol.  dell'  infez.  vaccinica,"  Pisa,  1896. 

2 "Die  Protozoen  als  Krankheitserreger,"  Jena,  1895;  "  Vaccinecontagium,"  Zeitsch. 
f.  Ryg.,  23.     Bd.,  1896. 

^"Züchtung  des  Vaccineerregers,"  Centralbl.  f.  Bakter.,  xvüi.,  1895. 

^Compare  Wasielewski  :  "Zelleinschlüsse  bei  Vaccineimpfungen,"  Centralbl.  f. 
Bakt,  xxi.,  1897. 

^"Parasites  de  la  vaccine  et  de  la  variole,"  Annales  de  V Institut  Pasteur,  1897. 
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forms  of  fever  exhibit  certain  differences  in  their  i)hjsiological  charac- 
teristics. 

The  development  and  increase  of  the  i)lasmodia  take  i^lace  in  the 
interior  of  the  red  blood-corpuscles,  where,  first  of  all,  small,  colorless 
amoeboid  bodies  api^ear  (Fig.  542,  a).  In  tlie/ehris  quartana  the  furtlier 
development  is  inaugurated  by  an  enlargement  of  the  small  amoel)oid 
beginning  forms  (Fig.  542,  a,  b,  c,  d,  e,)  so  that  the  red  blood-corpus- 
cles become  more  and.  more  tilled  with  them.  Simultaneously  pigment 
granules,  which  are  derived  from  the  coloring-matter  of  the  Jolood, 
make  their  appearance  in  the  interior  of  the  plasmodia.  "When  the 
Plasmodia  attain  a  certain  size  the  pigment  granules  collect  in  the  centre, 
while  at  the  same  time  a  radiating  cleavage  sets  in,  so  that  daisy -like 
figures  are  produced  (/,  g).  These  consist  of  a  pigmented  centre  aud 
radiating  i:)etals  devoid  of  pigment.  Later  on,  the  petals  become  de- 
tached from  the  central  pigmented  portion  and  assume  a  circular 
shape  (h). 

According  to  Golgi,  this  development  and  segmentation  of  the  i)las- 
modia  in  febris  quartana  are  completed  in  three  daj's,  and  the  attacks 


Fig.  5i2.— Plasmodium  malarial  of  a  febris  quartana  in  various  stages  of  development.  (After  Golgi.) 
a,  Red  blood-corpuscles  with  a  small,  non-pigmented  nlasmodium ;  6,  c.  d,  c,  pigmented,  variously  sized 
Plasmodia  inside  of  red  blood-corpuscles ;  /',  plasmodiun_  at  the  commencement  of  segmentation,  with  pig- 
ment collected  in  centre;  y,  segmented  Plasmodium;  7(,  Plasmodium  divided  into  separate  globules;  (,  k, 
two  differently  shaped,  free  Plasmodia. 


of  fever  set  in  at  the  time  when  the  plasmodia  are  dividing.  The  red 
blood-corpuscles  which  are  occupied  by  the  plasmodia  perish;  the 
young  Plasmodia  just  formed  by  cleavage  again  penetrate  the  blood- 
corpuscles,  whereupon  their  further  development  begins  anew.  The 
pigment  granules  formed  by  the  plasmodia,  some  free,  others  inclosed 
in  cells,  are  carried  out  of  the  circulating  blood  into  various  organs, 
especially  the  spleen,  liver,  and  marrow  of  the  bones. 

In  febris  tertiana  the  cycle  of  development  is  complete  in  two  days 
(Golgi).  The  plasmodia  develoj^ing  within  the  red  blood-corpuscles 
(Fig.  543,  a,  b,  c,  d)  show  much  livelier  motion  and  at  the  same  time 
lead  very  much  more  rapidly  to  ä  decoloration  of  the  red  blood-corx)us- 
clesthan  in  the  febris  quartana,  so  that  the  latterare  already  decolorized 
on  the  first  day  of  intermission  of  the  fever,  while  the  plasmodia  are 
still  small.  The  protoplasm  of  the  plasmodia  of  the  febris  tertiana  is, 
furthermore,  more  delicate  and  less  sharply  defined,  and  their  pigment 
granules  are  also  smaller.  In  its  division  each  plasmodium  splits  up 
into  from  fifteen  to  twenty  new  cells  (e) ,  while  in  the  quartan  fever  only 
from  six  to  tv/elve  develop.  Finally,  the  red  blood-corpuscles  in  the 
febris  quartana  are  mostly  crenated,  while  in  the  tertian  form  they  re- 
tain their  shape.  According  to  Celli  and  Marchiafava,  the  formation  of 
spores  not  infrequently  occurs  prematurely,  from  five  to  ten  spores  de- 
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veloping  inside  a  red  blood-corpuscle.     According  to  Ziemann,  the  para- 
site of  tropical  fevers  is  smaller  than  that  of  European  tertian  fevers. 

In  febris  quotidiana  (late-summer  and  fall  fever,  febris  subcontinua, 
perniciosa)  the  parasite  (Fig.  544)  consists,  according  to  Celli  and  San- 
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Fig.  b^.— Plasmodium  malar  ice  of  a  febris  tertiana  in  various  developmental  stages.  (After  Golgi.) 
a.  First  step  in  development ;  &,  c,  enlarged  Plasmodia  with  pseudopods ;  d,  Plasmodia  before  the  formation 
of  spores— blood-corpuscle  decolorized ;   e,  formation  of  spores ;  /,  free  parasite  with  flagellum. 

felice,  of  small  structures  exhibiting  lively  amoeboid  movements  inside 
the  red  blood-corpuscles  (a,  h) ;  shortly  before  each  new  febrile  attack 
they  become  pigmented  and  round  (c),  and  then  divide  into  spores  {d). 

According  to  Celli  and  Marchiafava,  nuclear  bodies  may  be  demon- 
strated in  the  protoplasm  in  all  endoglobular  hsematozoa  of  malaria,  in 
certain  stages  of  their  development.  According  to  Ziemann,  the  first 
change  which  occurs  in  sporulation  is  a  splitting-up  o'f  the  chromatin 
into  small  masses,  and  then  this  is  follov^ed  by  a  subdivision  of  the  cell- 
body.  As  a  result  of  these  changes  each  small  mass  of  chromatin  is 
surrounded  by  a  zone  of  protoplasm. 

Besides  the  forms  already  described,  which  are  considered  by  Italian 
authors  as  typical,  there  occur  in  the  different  malarial  diseases  in  ad- 
dition both  endoglobular  and  free  parasites,  either  oval  or  sickle-shaped 
(Fig.  542,  i,  k,  and  Fig.  544,  6»,/),  sometimes  provided  with  flagella 


Fig.  h^A.— Plasmodium  malaria  of  a  febris  quotidiana  in  various  stages  of  development.  (After  Celli 
and  Sanielice.)  a.  First  step  in  the  development ;  I),  Plasmodia  with  pseudopods ;  c,  Plasmodium  which  has 
become  round  and  provided  with  pigment  before  segmentation ;  d,  formation  of  spores ;  e,  intraglobular 
crescent  form  ;  /,  y,  free  Plasmodia. 


(Fig.  543,/,  and  Fig.  544,  g),  at  other  times  having  cast  these  off;  and 
all  these  forms,  especially  described  by  Laveran,  have  been  since  con- 
firmed by  the  Italian  authors. 

The  significance  of  all  the  various  forms  of  parasites  which  have  been 
observed  in  malaria  has  not  yet  been  fully  solved;  nevertheless,  from 
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the  preceding  statements  it  may  be  considered  settled  that  the  endo- 
globular  hsematozoa  destroy  the  red  blood-corpuscles  and  thus  manu- 
facture pigment  out  of  the  coloring-matter  of  the  blood ;  and  it  may  also 
be  assumed  that  their  i)resence  gives  rise  to  the  morbid  symptoms  of 
malaria. 

Laveran  is  of  the  ojjinion  that  all  the  forms  described  belong  to  one 
and  the  same  diversely  shaped  sporozoön,  while  the  Italian  authors 
(Golgi,  Canalis,  Celli,  Marchiafava)  believe  that  there  are  various  malaria 
parasites.  They  consider  that  the  free  crescent  forms  and  the  jolasmodia 
with  flagella  should  be  regarded  as  sterile  forms  of  vegetation  which  are 
not  able  to  reproduce  themselves  by  spore-formation,  but  sooner  or  later 
perish.  Ziemann  also  considers  them  to  be  sterile,  inasmuch  as  they 
lack  chromatin. 

The  Plasmodia  may  be  taken  up  by  leucocytes  in  the  various  stages 
of  their  development,  and  this  occurs  principally  at  the  beginning  of  the 
febrile  attack  (Golgi) ,  at  which  time  the  ijlasmodia  undergo  segmenta- 
tion. The  leucocytes  may  contain  i:)lasmodia,  accordingh',  either  en- 
tire or  segmented,  or  indeed  only  the  pigment  masses. 

The  particular  varieties  of  ijlasmodia  correspond,  according  to  the 
reports,  to  particular  forms  of  fever,  but  yet  it  must  be  noticed  that  the 
febrile  forms  designated  as  febris  quotidiana,  subcontinua,  and  comitata 
may  also  be  caused  b}^  the  existence,  in  the  blood,  of  plasmodia  of  the 
tertian  or  quartan  form  in  various  generations,  so  that  part  of  the  para- 
sites reach  spore-formation  each  day.  In  this  wslj  arise  quotidian  forms 
of  fever  which  are  to  be  considered  as  double  tertian  (quotidiana  tri- 
quartanaria). 

According  to  Golgi,  there  is  also  a  malarial  fever  (summer  and  fall 
fever)  the  parasites  of  which  develop  not  in  the  blood,  but  in  the  internal 
organs,  especiallj^  in  the  marrow  of  the  bones. 

Within  the  organs  of  patients  w^ho  have  died  of  malaria  there  are 
found,  first  of  all,  the  malaria  parasites  containing  pigment,  and  lying 
more  or  less  intravascularly.  If  the  blood  has  undergone  great  destruc- 
tion there  will  also  be  found  ^pathological  deposits  of  iron  in  the  spleen, 
liver,  medulla  of  the  bones,  and  the  kidneys.  In  consequence  of  the 
deposition  in  the  spleen  of  products  of  blood-degeneration,  and  also  of 
malaria  parasites  containing  pigment,  (part  of  which  are  inclosed  in 
leucocytes),  there  occur  in  this  organ  considerable  swellings,  accom- 
panied by  hypersemia,  w^hicli  lead  in  part  to  tissue-degeneration,  in 
part  to  tissue-hypertrophy.  After  the  process  has  continued  some  time 
the  spleen  may  become  greatly  enlarged,  pigmented,  and  much  changed 
in  structure.  There  may  also  ensue  in  the  liver,  on  the  one  hand,  de- 
generation and  pigmentation  of  its  parenchyma,  and,  on  the  other 
hand,  new  growths  which  lead  to  induration. 

According  to  the  investigations  of  Danilewsky,  Celli,  Marcliiafava,  Grassi,  Feletti, 
Crookshank,  Laveran,  and  others,  there  not  infrequently  occur  protistse  in  the  blood  of 
mammalians  and  birds,  as  well  as  in  that  of  cold-blooded  animals,  and  among  them 
some  which  resemble  the  Plasmodium  malarke  very  closely  and  undergo  a  similar  cycle 
of  development  inside  the  red  blood-corpuscles.  The  closest  resemblance  of  characteris- 
tics is  seen  in  the  hsematozoa  of  birds  (pigeons,  owls,  magi3ies,  and  larks)  ;  but  even 
these  show  some  variation,  so  that  they  are  not  the  same  form  of  parasite  as  is  observed 
in  man. 

According  to  Celli,  only  the  spores  can  live  in  the  blood-plasma  in  man,  while  the 
other  grades  of  development,  in  case  they  leave  the  blood-corpuscles  for  the  plasma,  are 
destroyed,  forming  flagella,  swelling  up,  and  becoming  vacuolated.  On  the  other  hand, 
the  hgematozoa  of  birds  can  exist  in  the  plasma  for  a  certain  length  of  time,  and  the 
hsematozoa  of  the  cold-blooded  animals,  whose  development  progresses  very  slowly,  live 
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for  a  considerable  period  of  time  free  in  the  blood  ;   and  these  forms  which  exist  free  in 
the  blood  are  the  ones  which  have  been  described  as  special  parasites  (drepanidium). 

The  systematic  classification  of  the  plasmodia  of  malaria,  and  the  protozoa  which 
are  nearly  related  to  them,  is  not  yet  arranged.  Most  probably  they  are  to  be  classified 
witli  the  Sporozoa  ,  and  since  the  forms  which  occur  in  the  muscles  have  received  the 
name  of  sarcosporidia.  the  parasites  of  blood-corpuscles,  belonging  to  the  class  last  con- 
sidered, might  be  called  hsemosporidia  (Danilewsky). 
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Abdominal  cavity,  faulty  closure  of,  417 

Abrachius,  422 

Abrin,  poisoning  by,  25 

Abscesses,  272 

burrowing,  295 

cold,  493 

embolic,  273 
Acardiacus  acephalus,  4^2,  434 

pseudoacormus,  432,  434 
Acarus  folliculorum  hominis,  543 

scabiei,  542 
Acervulomata,  351 
Acervulus  cerebri,  191 
Achorion  Schönleini,  537 
Achromatopsia,  93 
Achy  la  prolifera,  541 
Acme  of  a  fever,  63 
Aconitine,  poisoning  by,  27 
Acrania,  410,  411 

origin  of,  414 
Acromegaly,  224 

Actinomyces  or  ray-fungus,  274,  515 
Acuminate  condylomata,  294 
Addison's  disease,  60 

pigmentation  of  skin  in,  198 
Adenocarcinoma,  360,  376 

development  of,  372 
Adenocystoma,  360 

papillary,  362 
Adeno-cysts,  391 
Adenoma,  357 

alveolar,  358 

conversion  of,  into  a  carcinoma,  373 

malignum,  375 

papillary,  358 

tubular,  357 

umbilical,  419 
Adenomata  and  carcinomata,  difficulty  of 

distinguishing  between,  375 
Adenomyomata,  329 
Adipose  tissue,  development  of,  244 
^gagropilse,  194 
Aerobes,  442 
Agenesia,  139,  154,  402 

partial,  of  the  cranium,  411 
Agglutinins,  76 
Agnathia,  415 
Agrotis  segetum,  541 
Air,  entrance  of,  into  the  right  heart,  47 
Albinism,  212 
Alcohol,  poisoning  by,  26 
Alexins  and  immunitoxins,  27 
Alexins,  protective,  73 


Alkaloids,  toxic  cadaveric,  18 
Amelus,  421 
Amides,  441 
Amido-acids,  441 
Amins,  441 

Amitotic  nuclear  division,  232 
Amniotic  adhesions  a  cause  of  malforma- 
tions of  the  embryo,  399 
Amoeba  coli  felis,  571 

coli  mitis,  570,  571 

coli  vulgaris,  570 

dysenterise,  570,  571 
Amphibolous  stage  of  fever,  64 
Amputation  neuromata,  252,  335 
Amyelia,  total  or  partial,  407 
Amyloid  concretions,  184 

degeneration,  178 

causes  and  nature  of,  182 
Anabiotic  condition,  13 
Anaemia,  105,  140 

chronic,  105 

due  to  tapeworm,  570 

localized,  111 
Anaerobes,  442 
Anasarca,  127 

Anchylostoma  duodenale,  549 
Androgynes,  428 
Anencephalia,  411 

origin  of,  414 
Anencephalus,  total,  412 
Aneurism,  cirsoid,  325 
Angioma,  320 

fissural,  320 

lymphaticum,  325 

plexiforme  arteriale,  324 
Angiomyomata,  330 
Angiosarcomata,  346,  347 
Anguillula  intestinalis,  551 

stercoralis,  551 
Anhydrsemia,  105 
Animal  diseases  caused  by  cocci,  465 

parasites,  542 
Anthrax-bacilli,  470 
Anthrax,protective  inoculations  against,  86 

symptomatic,  521 
Antitoxins,  74 

of  diphtheria,  481 
Anus,  condyloma  latum  of  the,  503 
Aphthae,  532 
Aplasia,  139,  402 
Aprosopia,  414 
Apus,  422 
Arachnida,  30,  542 
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Area  medullo-vasculosa,  407 

polar,  229 
Argas  reflexus,  544 
Argyria,  212 
Arrhinencephalia,  413 
Arterioliths,  123 
Artery,  terminal.  111 
Arthropoda,  30,  542 

parasitic,  39 
Ascaris  lumbricoides,  547 
Ascites,  chylous,  138 
Ascococci,  439,  454 
Asiatic  cholera,  525 
Aspergillus  flavescens  or  flavus,  534,  536 

fumigatus,  534,  536 

nidulans,  534 

niger,    or    nigrescens,    or    nigricans, 
534,  536 
Asphyxia,  9 
Astrocytes,  250,  333 
Atavism,  398 
Atheromata,  214,  388,  416 
Atmospheric  pressure,   effects    of    an   in- 
crease of,  14 

effects  of  sadden  lowering  of,  14 
Atresia  ani,  420 

oris,  416 

recti,  421 

urethrse,  420 
Atrophy,  139,  155 

excentric,  156 
Atropine,  poisoning  by,  26 
Attenuation  of  bacterial  virulence,  449 
Attraction-spheres,  228,  230 
Auditory  meatus,  cholesteatomata  in,  356 

mould-fungi  in,  532 
Autoblasts,  188 
Autochthonous  pigment,  197 

teratomata.  392 

thrombi,  120 
Auto-intoxications,  49,  52 
Autosite,  437 
Axis-cylinder,  sprouting  of,  250 

Bacilli,  439,  467 
Bacillus  aceticus,  469 

acidi  lactici,  469 

amylobacter,  468 

caucasicus,  469 

coli  communis,  476 

cyanogenes.  469 

fluorescens  liquefaciens,  468 

phlegmones  emphysematosae,  274 

pneumoniae  of  Friedländer,  477 

prodigiosus,  446,  468 

pyocyaneus,  469 

subtilis,  467 
Bacillus  of  anthrax,  470 

of  blackleg,  521 

of  bubonic  plague,  483 

of  chicken-cholera,  523 

of  diphtheria,  479 

of  foot-and-mouth  disease,  523 

of  glanders  and  farcy,  512 

of  influenza,  478 

of  leprosy,  507 

of  malignant  oedema,  482 


Bacillus  of  pigeon  diphtheria.  523 

of  pyelonephritis  of  cattle.  523 

of  rhinoscleroma,  514 

of  swine-erysipelas,  522 

of  swine-plague,  522 

of  symptomatic  anthrax,  521 

of  syphilis,  501 

of  tetanus,  481 

of  tuberculosis,  484 

of  typhoid  fever,  274,  473 

of  yellow  fever,  484 
Bacteria,  30,  439 

metastatic  colonies  of,  35 

pathogenic,  31 

that  cause  suppuration,  274 
Bacteriaemia,  35 
Bacterio-trypsins,  444 
Bacterium  coli  commune,  274.  476 
Bacterium  of  hemorrhagic  septicaemia,  523 

of  the  ray-fungus,  516 
Bacterium  typhi,  473 
Balantidium  coli,  572 
Barbone  dei  bufali,  523 
Barlow's  or  Moeller's  disease,  134 
Basedow's  disease,  60 
Beaker-cells,  172 
Bedbug,  or  cimex  lectuarius.  545 
Bedsore,  145,  151 
Benign  tumors,  307 
Bezoar  stones,  194 
Bigerminal  tissue-implantation,  392 
Bilharzia  haematobia,  558 
Bilirubin,  207 
Bioblasts,  188 
Biophores,  99 
Birds,  tuberculosis  of,  500 
Biting-mite.  544 
Black  death.  483 
Black  gangrene,  150 
Blackleg,  521 
Bladder,    urinary,   papillary    epithelioma 

of,  355 
Blebs,  hemorrhagic,  132 
Blennorrhoea.  271 

of  the  eye,  463 
Blister,  263 
Blood,  antibacterial  properties  of,  74 

coagulation  of,  113 

extravasations  of.  201 
Blood-cells,  red.  new  formation  of.  246 

white,  new  formation  of,  245 
Blood-corpuscle  cells,  202 
Blood-corpuscles,  red  and  colorless.  117 
Blood-current,  slowing  of,  257 
Blood-hvalin,  189 
Blood-mole.  404 
Blood-plates,  116,  119 

escape  of.  from  the  blood-vessels,  259 
Blood-poisons.  22 
Blood-vessels,  alterations  of  walls  of,  257 

hyaline  degeneration  of  the  walls  of, 
351 

new  formation  of,  238 
Body-louse,  545 
Bone,  in  dermoid  cysts,  392 

necrosis  of,  293 

pathological  new  formation  of.  295 
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Bone,  reproduction  of,  243 
Bone-marrow,  reproduction  of,  243 
Bones,  supernumerary,  427 
Bone-tissue,  new  formation  of,  240 
Bothxiocephalus  cordatus,  570 

latus,  568 
Botrytis  Bassiana,  541 
Brachygnathia,  415 
Brain,  concussion  of,  16 

development  of,  414 

telangiectatic  tumor  of,  321 
Brain-hernias,  412 
Brain-sand,  191 

Brain  substance  in  dermoid  cysts,  392 
Branchial  cysts,  416 

fistulas,  416 
Breast,  see  also  Mammary  gland 

tubular  adenoma  of,  358 
Breasts,  supernumerary,  427 

well-developed,  in  men,  427 
Bronchial  calculi,  194 
Bronchitis,  purulent,  272 
Broncho-pneumonia,  272 
Brood-capsules,  565 
Bubonic  plague,  88,  483 
Budding- fungi,  531 
Budding  of  cells,  232 
Burns,  12 

Cachexia,  140 

suprarenal,  60 

thyreoprival,  56 
Cadaveric  alkaloids,  33,  36,  445 

petechise  or  lividity,  110 
Cadaverin,  33 

Calcaneus,  chondroma  of,  314 
Calcification,  189 
Calculi,  bronchial,  194 

prostatic,  194 
Callus,  223,  288 
Calvarium,  atrophy  of  the,  158 
Cancer,  see  also  under  Carcinoma 

cells,  369 

dropsical,  382 

cylindrical  epithelial,  377 

endothelial,  345 

flat-celled,  376 

horny,  377 

medullary,  300 

plugs,  375,  377 
Cancroids,  383 

Carbon-dioxide,  influence  of,  upon  devel- 
opment of  bacteria,  442 
Carbon-monoxide  gas  poisoning,  22 
Carcinoma  acinosum,  379 

chalky  deposits  in,  383 

chorionic,  374 

cylindromatosum,  382 

development  of,  371 

different  forms  of,  376 

durum,  380 

formation  of  metastases  in,  368,  385 

gelatinosum,  380 

gigantico-cellularc,  382 

hyaline  degeneration  in,  382 

medulläre,  377,  379 

mucosum,  380 


Carcinoma  myxomatodes,  382 

papilliferum,  384 

parasites  a  possible  cause  of,  368,  369, 
576 

physaliferum,  382 

placentar,  374 

retrograde  changes  in,  369 

simplex,  378 

structure  of,  375 
Carcinomata,  367 

complete  petrification  of,  383 
Cardiac  muscle,  new  development  of,  249 
Caro  luxurians,  296 
Cartilage,  hyaline,  reproduction  of,  243 

in  dermoid  cysts,  392 

transformation  of,  into  reticular  tis- 
sue, 254 
Caseation,  277 

in  tubercles,  493 
Castration,  effects  of,  61 
Catarrh,  263 

chronic,  295 

desquamative,  265 

mucous,  265 

purulent,  271 

serous,  265 
Cattle,  actinomycosis  of,  518 

tuberculosis  of,  500 
Cattle-pest,  465 
Cattle-plague,  87 
Caustics  or  corrosive  agents,  20 
Cavernous  tumor,  322 
Cavity-formation  in  tuberculosis,  493 
Cebocephalia,  413 
Cell-division,  227 
Cell-protoplasm,  division  of,  228 
Cells,  hyaline  products  of,  351 
Central  corpuscles,  228 
Centrosomes,  228,  229,  230 
Cephalocele,  412 
Cephalothoracopagus,  435,  436 
CercarisB,  556,  557 
Cercomonas  intestinalis,  572 
Cerebrospinal  canal,  deficient  closui'e  of, 
406 

meningitis,  epidemic,  461 
Cerebrum,  glioma  of,  333 

malformations  of,  413 
Cestoda,  30,  559 
Chain-cocci,  439 
Chancre,  hard,  502 

soft,  484 
Cheese-poisoning,  34 
Cheesy  degeneration,  147 
Cheilo-gnatho-palatoschisis,  414 
Chemicals,  as  producers  of  inflammation, 

275 
Chemotaxis,  258,  290,  292 

and    chemotropismus,    negative    and 
positive,  71 
Chemotropism,  292 
Chicken-cholera,  522 
Chilblains,  13 
Chionyphe  Carteri,  521 
Chloral  hydrate,  poisoning  by,  26 
Chloroform,  poisoning  by,  25 
Chloromata,  349 
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Chlorosis,  Egyptian,  549 
Cholsemia,  58 
Cholera,  Asiatic,  525 

protective  inoculations  against,  87 
Cholesteatomata,  355,  388 
Cholesterin,  169 
Cholesterin-calculus,  194 
Cholin,  36,  445 
Chondroblasts,  242,  280 
Chondroma,  313 
Chondromyxoma,  311,  315 
Chondromyxosarcoma,  314 
Chondrosarcoma,  316,  342 
Chordoma,  316 

Chorionic  villi,  carcinomatous  transforma- 
tion of,  374 
Chromatin,  227 
Chromatophores,  348 
Chromosomes,  227 
Chylangiomata,  326 
Chylopericardium,  138 
Chyluria,  138,  555,  556 
Cicatricial  tissue,  278,  282 
Cicutoxin,  poisoning  by,  26 
Cimex  lectuarius,  545 
Cinnabar,  in  a  tattooed  skin,  211 
Circulation,  collateral,  development  of,  112 

of  the  blood  and  of  the  lymph,  disturb- 
ances in,  102 
Cirrhosis  of  the  liver,  297 
Cirrus-sac  of  bothriocephalus  latus,  569 

of  tsenia  solium,  561 
Cirsoid  aneurism,  325 

neuroma,  336 
Cladothrix,  516 

asteroides,  520 
Clavus,  223 
Cleft-foot,  422 
Cleft-hand,  422 

Cleft  of  the  abdominal  v^-all,  418 
Clefts,  402 

of  the  face,  median,  415 
Climate,  influence  of.  upon  man,  30 
Clitoris,  absence  of,  420 
Clostridium,  439 

butyricum,  467 
Clothing-louse,  545 
Clots,  post-mortem,  112 
Cloudy  swelling.  161 
Clubbed-hand,  425 
Club-foot,  congenital,  425 
Clustered  cocci,  439 
Coagulation,  112,  259,  262 
Coagulation-necrosis,  146 
Cocaine,  poisoning  by,  26 
Cocci  or  coccacei,  439.  453 

pathogenic,  454,  455 
Coccidia,  573 

Coccus  mesenterioides,  454 
Coccygeal  region,  bigerminal  teratoma  of. 

437 
Colchicine,  poisoning  by,  27 
Cold  abscesses,  493 
Colds,  13 

Collateral  circulation,  development  of.  112 
Collidin,  36.  445 
Colloid,  189 


Colloid,  different  uses  of  the  term,  176 

production  of,  by  epithelial  cells,  174 
Color-blindness,  93,  94 
Colorless  blood-corpuscles,  emigration  of, 
258,  260 

increase  of,  relatively  to  the  red.  258 

marginal  disposition  of,  258,  260 
Commotio  cerebri,  16 
Compensatory  hypertrophy,  222,  2^ 

of  the  heart-muscle,  105 
Conceptional  infections,  101 
Concretions,  amyloid,  184 

calcareous,  191 

free,  in  the  body,  193 
Concussions,  effects  of,  16 
Condyloma  acuminatum,  223,  294,  355 

latum,  503 
Congenital  predisposition,  89 
Conidia-bearers,  535 
Conidia-spores,  532 
Coniine,  poisoning  by,  26 
Conjunctival  hyalin,  188,  189 
Connective  tissue,  hyaline  degeneration  of, 
185 

transformation  of,  into  bone,  255 
Connective-tissue  structures,  regeneration 

of,  240 
Constitutional  diseases.  4,  54 
Contagium,  detiniiion  of,  29 
Continuous  fever,  64 
Contusions,  effects  of,  16 
Cor  villosum,  267 
Cordyceps  militaris,  541 
Corn,  223 

Cornification  of  epithelium,  177 
Cornu  cutaneum,  354 
Corpora  amylacea,  184 
Corpulence,  90 
Corrosive  agents,  20 
Coryne  bacterium,  481 
Cows,  tuberculous,  milk  from,  485 
Crab-louse,  545 
Crab-pest,  541 
Craniopagus,  436 

parietalis,  434 
Craniorachischisis,  406.  411 
Cranioschisis,  410,  411 
Cranium,  faulty  development  of,  410 

partial  agenesia  of,  411 
Cretinism.  57 

operative.  58 
Crisis,  in  fevers.  63 
Crossed  embolism,  41 
Croupous  exudate,  266 

membrane,   formation  of.  on  mucous 
surfaces.  267 

pneumonia.  271,  460 
Cryptogenic  infections,  35.  42,  459,  462 
Cryptorchismus,  424 
Culicidse,  545 
Cm-arine,  poisoning  by,  27 
Cutaneous  horn.  354 
Cvclencephalia  or  cyclocephalia,  413 
Cyclopia,  412,  413 
Cylindromata.  351.  382 
Cystadenoma,  360 
Cyst-formation,  214 
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Cysticercus  cellulosas,  562 

racemosus,  563 
Cystin-calculi,  197 
Cystocarcinomata,  367,  383 
Cyst  of  echinococcus,  565 
Cystofibromata,  366 
Cystomata,  216 

multilocular,  360 

papillary,  354 
Cystomyxomata,  366 
Cystosarcomata,  366 
Cysts,  branchial,  416 

ectodermal,  388 

traumatic  epithelial,  375 
Cytaster,  230 
Cytoblasts,  188 
Cytoryctes  vaccinae,  577 

Daltonism,  93 
Daughter-cells,  230 
Daughter-cysts  of  echinococcus,  565 
Daughter-stars,  228,  230 
Daughter-tumors,  305 

metastatic,  45 
Deaf -mutism,  93 
Death,  140 

apparent,  142 
Deciduomata,  malignant,  374 
Decubitus,  145 
Deer-disease,  523 

Defervescence,  period  of,  in  fevers,  63 
Deiter's  cells,  250 
Demodex,  543 
Dermanyssus  avium,  544 
Dermatocoptes,  544 
Dermatocysts,  388 
Dermatomycosis  diffusa  flexorum,  541 

furfuracea,  539 
Dermatophagus,  544 
Dermoid  cysts,  416 
Dermoids,  388,  389 
Desmobacteria,  439 
Desmoid  tumor,  308 
Destructive  placental  polyps,  374 
Determinants  or  determining  pieces,  100 
Development,  disturbances  of,  397 
Diabetes  mellitus,  54 
Diapedesis,  133 
DiarrhcBa,  chylous,  555,  556 

due  to  coccidia,  577 
Diastatic  ferments,  444 
Diastematomyelia,  409 
Dicephalus  and  diprosopus,  435 
Digitalin  and  digitalein,  poisoning  by,  27 
Diphtheria,  276,  480 

bacillus  of,  479 

blood-serum  treatment  of,  84,  88 

of  calves,  523 

of  pigeons,  523 
Diphtheritic  inflammations,  276 
Diplococci,  439,  453 

Diplococcus    intracellular  is  meningitidis, 
461 

pneumonise    (Fraenkel,    Weichsel- 
baum), 274,  459 
Diprosopus,  434 
Dipygus,  436 


Dipygus  parasiticus,  437 
Disease,  internal  causes  of,  89 

latency  of,  5 

the  symptoms  of,  2 
Diseases,  cause,  origin,  and  course  of,  8 

inheritable,  95 
Dispirem,  230 

Displacement  of  tissue  as  a  cause  of  tumor- 
formation,  388 
Dispora  caucasica,  469 
Distemper  of  dogs,  466 
Distoma  felineum,  558 

haematobium,  558 

hepaticum,  556 

hepatis  endemicum  perniciosum,  558 

hepatis  innocuum,  558 

lanceolatum,  557 

pulmonale,  558 

Sibiricum,  558 
Distomia,  416 
Disuse  atrophy,  160 
Diverticulum,  MeckePs,  419 
Dochmius  duodenalis,  549 
Double  monsters,  397 
Dracunculus  medinensis,  555 
Drepanidium,  581 
Dropsy,  127 

Ductus  thoracicus,  division  of,  138 
Duplications,  426 
Duplicitas  anterior,  433,  435 

parallela,  433,  436 

posterior,  433«  436 
Dura  mater,  endothelioma  of,  343 

osteoma  of,  318 

psammoma  of,  191,  351 
Dust-diseases,  16 
Dust-particles,  entrance  of,  into  the  body, 

42 
Dwarfs,  89 

formation  of,  404 
Dyschromatopsia,  93 
Dyscrasia,  140 

from  bacteria,  37 
Dysentery  due  to  amoebae,  571 
Dystopia  renis,  424 

Eburneous  osteoma,  317 
Ecchondrosis,  315 

physalifera  spheno-occipitalis,  316 
Ecchymoses,  131 
Echinococcus  granulosus,  566 

hydatidosus,  566 

multilocularis,  566 

veterinorum,  566 
Echinococcus-cyst,  565 
Ectodermal  cysts,  388 
Ectogenic  bacteria,  31 
Ectopia  cordis,  418 

vesicae  urinariae,  418 
Eczema  marginatum,  538 
Egyptian  chlorosis,  549 
Elastic  fibres,  development  of,  242 
Electric  discharges,  powerful  effects  of,  15 
Elephantiasis,  218,  223,  425 

Graecorum,  507 
Emboli,  125 

straddling,  45 
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Embolism,  41,  137 

crossed  or  paradoxical,  41 
Embryoid  tumors,  395 
Embryonic  tissue,  241,  280,  282 

development  of,  in  a  thrombosed    ar- 
tery, 287 
Emphysema  of  the  skin,  47 
Emphysematous  gangrene,  150 
Empusa,  varieties  of,  541 
Empyema,  271 
Encephalocele,  412 

Encephalomeningocele  nasofrontal! s,  412 
Endogenic  bacteria,  31 
Endothelioma,  342,  343 
Engastrius,  438 
Enostoses,  316 
Entero-cysts,  390 
Enteroliths,  193 
Entodermal  epithelial  cysts,  390 
Entozoa,  38 

Eosinophile  cells,  187,  247 
Ephelides,  328 
Epidemic,  definition  of,  28 
Epidermoids,  356,  388,  389 
Epigastrius,  438 
Epignathus,  438 
Epispadias,  418,  419,  420 
Epistaxis,  132 

JEpithelial    cysts,   entodermal    and    meso- 
dermal, 390 

hyalin,  189 

metaplasia,  255 

tumors,  352 
Epithelioid  cells,  231,  486 
Epithelioma,  383 

contagiosum,  574 

papillary,  353,  355 
Epithelium,    atypical   gi'owth   of,    in  car- 
cinoma, 367 

germinal,  transfer  of,  389 

misplaced,    development    of   a  cancer 
from,  373 

pathological  cornification  of,  177 

protective  powers  of,  69 

regeneration  and  hyperplasia  of,  236 
Epizoa,  38,  545 
Ergotism,  22 
Erysipelas,  456 
Erythrasma.  539 
Erythroblasts,  246.  247 
Ether,  poisoning  by,  26 
Ethmocephalia,  413 
Ethmoid  bone,  osteoid  sarcoma  of,  350 
Ethylendiamin,  36 
Enchondroma,  313 
Eurotium,  536 

malignum,  534 
Eustrongylus  gigas,  551 
Exencephalia,  411,  412 
Exhaustion   due    to    excessive   functional 

activity  of  an  organ,  10 
Exostosis,  220,  316,  426 

cartilaginous,  318 

connective-tissue,  318 
Extravasate,  131 
Extravasations  of  blood,  201 
Extremities,  defective  development  of,  421 


Exudate,  fibrinous,  266 

fibrino-purulent.  274 

hemoiThagic,  270 

hyaline.  189 

purulent,  274 

serous,  265 
Exudates,  absorption  of,  278 
Eace,  malformations  of,  399,  414 
Facial  hemiatrophy,  160 
Eacies  leontina  in  leprosy,  510 
Facultative  anaerobes,  442 
Fallopian  tube,  dropsy  of  the.  215 
Farcy,  512 
Fastigium,  63 
Fat-embolism.  44 
Fat-gi-anule  cells,  169,  290 
Fats,  the,  169 
Fatty  degeneration,  163,  166 

neck,  313 

tissue,  production  of.  244 
Favus,  532.  537 
Fruit-bearers,  special,  535 
Feeding-cells.  187 
Feet,  abnormal  positions  of,  425 
Felt-louse.  545 
Femur,  absence  of.  423 
Ferments,  diastatic  and  inverting,  444 
Ferret-disease,  523 
Fever,  62 

continuous.  64 

intermittent.  64 

malarial,  the  cause  of,  577 

relapsing,  64 

remittent,  64 
Fibri Hated  connective  tissue,  development 

of,  244 
Fibrin,  114 

Fibrino-purulent  exudates,  274 
Fibrinotis  deposits,  267 

exudates.  269 
Fibro-adenoma.  360 

conversion  of.  into  a  carcinoma.  373 

papilliferum.  360 
Fibroblasts.  242,  280,  285 
Fibroma.  308 

intracanaliculare,  360 

papilläre.  355 

pericanaliculare,  360 

oedematous.  310 
Fibromatosis  of  the  nerves,  336 
Fibromyoma,  330 
Fibromyxoma.  311 
Fibrosarcoma,  341 
Filar  mass.  230 
Filaria  Bancroftii.  138,  555 

hfematica.  556 

medinensis.  555 

papulosa.  556 

sanguinis  hominis,  555 
Fingers,  dwarfing  of.  422 

malformations  of,  423 
Finkler-Prior  spirilla.  528 
First  intention,  repair  by,  283 
Fish-poisoning.  34 
Fission-fungi.  439 

methods  of  examining,  450 

pathogenic,  447 


GENERAL  INDEX. 


58^ 


Fissiira  abdominalis,  418 

sterni,  418 
Fistula  colli  congenita,  416 
Fistulous  tracts,  273 
Flagella,  440 

Flea,  or  pulex  irritans,  545 
Flemming's  germ-centres,  245 
Flesh-mole,  404 
Flies,  biting  (CEstridse),  545 

common  (Stomoxyiclae).  545 

stinging  (Muscidae),'  545 
Fcetal  glands,  persistence  of,  390 

remains,  development  of  a  cancer  from, 
373 
FcBtus  papyraceus,  433 

syphilitic  infection  of,  by  either  the 
sperm  or  the  ovum,  507 
Foot-and-mouth  disease,  523 

of  cattle,  466 
Foot,  cleft,  422 
Formative  cells,  242 

stimuli,  234 
Fowls,  typhoid  of,  522 
Fractures,  effects  of,  16 
Fragmentation,  231 
Freckles,  198,  328 
Friedländer's  pneumococcus,  478 
Frog  foetus,  411 
Fructilication,  act  of,  97 
Fuchsinophile  bodies,  187 
Fungous  granulations,  296 

Gadinix,  445 

Gall-ducts,  adenocystoma  of,  361 
Gall-stones,  194 
Gangrene,  150 

marasmic,  145 
Gangrenous  inflammation,  277 
Gas-phlegmon,  274 
Gastropacha  pini.  541 
Gastrophilus  equi,  546 
Gastroschisis,  418 
Genitals,  external,  development  of,  432 

malformations  of.  419 
Germ-centres  of  Flemming,  245 
Germ-sac,  intermediary,  556 

primary,  556 

secondary,  556 
Germ- variation,  primary,  398 
Germinal  matter,  misplaced,  388 
Germinative  tissue,  232 
Giant-cell  sarcoma,  341 
Giant-cells,  242 

in  tubercles,  486 

multinucleated,  232,  340 

polynuclear,  291 
Giant  grovrth,  general,  217,  402,  425 

partial,  218,  402,  425 
Giants.  89 

Girald^s.  organ  of.  431 
Glanders.  512 

Glia-cells.  new-formed.  250 
Glioma.  332 
Glycogen,  ITO 
Glycosuria.  55 

Gnats  (Culicidee  and  TipulidaB),  545 
Goblet-cells,  172 


Gonococcus,  274,  463 

Gonorrhoea,  cause  of,  463 

Gout,  90 

Gouty  deposits,  191 

Granular  degeneration,  161 

Granulation  tissue,  278,  280,  281 

formation  of,  285 
Granulation  tumors,  infectious,  296 
Granules,  nuclear,  230 

the  so-called,  187 
Gran^ilomata,  296 
Grape-mole,  404 

Greenish   coloration    in   decomposing  ca- 
davers, 207 
Gregarinse,  573 
Guinea-worm,  555 
Gummata,  504 
Gynsecomastia,  427 

H/RMAyGIOMA,   320 

cavernosum,  322 

simplex,  320 
Hsemangiosarcomata,    346 
Hsematemesis,  132 
Hsemathidrosis,  132 
Hsematocele,  132 
H^ematoidin,  201 
Hsematoma,  131 
Hsematuria,  132 
Hsemochromatosis,  204 
Haemofuscin,  197,  200 
Haemoglobin.  201 
Hsemopericardium,  132 
Haemophilia.  184 

congenital,  94,  133 
Hsemoptoe  or  haemoptysis,  132 
Haemosiderin,  202 
Hasmosporidia.  581 
Hsemothorax,  132 
Hairs  in  dermoid  cysts,  392 
Hairv  polypi,  391 
Hand,  cleft,  422 

malformations  of,  400 
Hands,  abnormal  positions  of,  425 
Hanging-drop  cultures,  452 
Harelip.  415 
Harvest-mite,  542 
Head,  malformations  of.  398 
Head-louse,  545 

Healing  powers  of  the  human  body,  74 
Health,  the  conditions  of.  1 
Heart,  callosity  of,  289 

disturbed  action  of,  102 

increased  action  of,  105 
Heart-muscle,    compensatory   hypertrophy 
of,  105 

hypertrophy  of,  249 
Heart-polypi,  121 
Heat-stroke,  12 
Helleborin,  poisoning  by,  27 
Hemiatrophy,  facial,  160 
Hemicrania.  410.  411 
Hemorrhages,  131 

per  rhexin,  or  per  diabrosiu,  or  per 
diapedesin,  132,  135 
Hemorrhagic  diathesis,  acquired,  134 
congenital,  133 
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Hemorrhagic  septicsemia,  528 
Hemorrhoids,  323 
Hepatitis,  chronic,  297 
Hereditary  pieces  or  determinates,  99 
Hereditary  transmission,  atavistic,  90 
collateral,  95 
direct,  95 

pseudo-form  of,  101 
Heredity,  identical,  94 

transformational,  94 
Hermaphrodites,  false,  402,  428 

true,  402,  428 
Hernia  basalis,  413 

cerebri,  412 

cyncipitalis,  413 

funiculi  umbilicalis,  417 

lateralis,  413 

naso-ethmoidalis,  413 

nasofrontal  is,  413 

spheno-orbi talis,  413 

sphenomaxillaris,  413 

sphenopharyngea,  413 
Herpes  tonsurans.  538 
Heterotopous  tissue-growths,  387 
Histoid  tumors,  299 
Hog-cholera,  522 

protective  inoculations  against,  86 
Holorachischisis.  406 
Holoschisis.  231 
Homo  delinquens,  91,  96 

sapiens,  92 
Horn,  cutaneous,  354 

epidermal.  219 
Horny  warts,  353 
Horse-flies  (Tabanidae).  545 
Humerus,  osteochondroma  of,  315 
Hunter's  induration,  502 
Hyalin,  epithelial,  189 

secretory  conjunctival,  187 
Hyaline  cartilage,  reproduction  of.  243 

degeneration.  351 

of  connective  tissue,  185 

exudations,  189 

products  of  connective-tissue  cells.  187 

thrombi,  189 

tissue-necrosis,  189 
Hydatid  mole.  374 
Hvdatids.  pedunculate   and  non-peduncu- 

'late,  431 
Hydrencephalocele.  412 

occipitalis,  412 
Hydrocele  colli  congenita.  416 
Hydrocephalus,  414 
Hydrocyanic-acid  poisoning.  23 
Hydrogen-sulphide  poisoning.  23 
Hydromeningocele,  408 
Hydromyelocele.  409 
Hydropic  degeneration,  161 
Hydi'othorax,  chylous,  138 
Hygroma  colli  congenitum,  326 
Hyoscyamine,  poisoning  by,  26 
Hyperaemia,  active.  108 

local,  108 

passive,  109 

venous,  general,  103 
Hyperkeratosis,  177 
Hypermastia,  427 


Hyperonychia,   220 

Hyperostosis.  295 

Hyperplasia.  226 

Hyperthelia.  427 

Hyperthyreosis.  60 

Hypertrichosis,  219,  220 

Hypertrophy,  compensatory,  222,  238 
of  a  muscle  or  gland.  11 
of  the  tissues  and  organs.  217 

Hyphse,  532 

Hyphomycetes.  30 

Hypochondria.  17 

Hvponitrous  oxide,  poisoning  bv,  26 

Hypoplasia.  139.  152.  402 

Hyposarca.  127 

Hypospadias.  419 

Hypostasis,  post-mortem,  110 

Hysteria,  17 

Ichthyosis  cokgenita,  218 
Ichthyotic  warts,  353 
Icterus.  207 

Idiosyncrasy.  77,  78,  89 
Immunity,  77.  79 

acquiring  of,  82 
Immunization,  active  and  passive,  85 
Impetigo  contagiosa,  538 
Implantation,  235 
Inclusio  foetalis,  438 
Indolent  ulcers.  296 
Infarct,  ansemic.  136,  137 

hemorrhagic,  131.  136 
Infection,  cryptogenic.  42.  459 

origin  of  disease  through,  28 

secondary-,  36,  448 

spread  of.  from  mother  to  fcBtus,  448 
Infections,  double.  36.  448 
Infectious  foci,  metastatic,  46 
Infiltration,  growth  of  tumors  by.  304 
Infiltrations  of  the  tissues,  139 
Infiltrative  mode  of  growth  of  carcinomata, 

368 
Inflammation.  256 

clinical  significance  of  the  term.  259 

different  forms  of,  265 

diphtheritic.  276 

interstitial.  263 

necrotic.  275 

parenchymatous.  263 

superficial,  263 
Influenza-bacillus.  478 
Infusoria.  572 

Inheritance  of  pathological  peculiarities,  93 
Injection  of  sterilized  cultures.  84 
Innervation,  disturbances  of,  51 
Inoculation  of  attenuated  specific  disease- 
germs,  83 
Insanity,  inherited,  94 
Insects,  30.  545 
Insolation.  12 

Insusceptibility  to  poisons.  79 
Interfilar  mass,  230 
Intermittent  fever.  64 
Interstitial  inflammation.  263 
Intestinal  intoxications,  34 

mucous  membrane,  adenoma-like  pro- 
jection of,  390 
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Intestine.  abnormal  positions  of.  424 

tubular  adenoma  of,  357 
Intoxication,  origin  of  diseases  through,  18 
Invasion-disease,  38 
Inversio  intestini,  419 

vesicae  urinarise,  418 
lodothyrin,  59 
Iron,  assimilation  of,  206 
Iron-free  pigments.  206 
Ischsemia,  localized.  Ill 
Ischiopagus.  433,  435 
Isthmus,  the,  106 
Italian  leprosy,  34 
Itch-mite,  542 
Ixodes  ricinus,  543 

Jarrixgs  of  the  uterus  as  a  cause  of  mal- 
formations of  the  embryo,  399 
Jaundice,  207 

Jaw,  upper,  actinomycosis  of,  519 
giant-cell  sarcoma  of,  342 

Kakerlaken,  212 

Karyokinesis,  227 

Karyomitosis,  227 

Karyorrhexis  and  karyolysis,  143 

Kefyr,  469 

Keloid,  310 

Keratohyalin,  178,  189 

Kidney,  amyloid  degeneration  of,  179,  183 

arteriosclerotic  atrophy  of  the,  159 

contracted,  297 

cystoma  of,  363  ■» 

deposits  of  fibrin  in  the,  270 

tubular  adenoma  of,  359 

Labia  ma.tora  and  minora,  defective  de- 
velopment of,  420 
Labium  leporinum,  415 
Lacerations,  effects  of,  16 
Lardaceous  degeneration,  178 

spleen,  179 
Lar3aix,  papillary  epithelioma  of,  355 

syphilitic  ulceration  of  the,  506 
Latency  of  disease,  5 
Leiomyomata,  329 
Lentigines,  327 
Leontiasis  ossea.  220.  426 

leprosa,  510 
Lepra  (or  leprosy).  507 

ansesthetica,  510,  511 

maculosa,  510 

maitilans,  511 

tuberosa  sive  tuberculosa,  510 
Leprosy,  Italian,  34 

white,  of  the  Jews,  214 
Leptothrix,  439 
Leptus  autumnalis,  542 
Leucoblasts.  247 
Leucocytes,  117 
Leucocytosis,  245 
Leuksemia,  245 
Leukoderma,  213 
Leukopathia  acquisita,  213 

congenita,  212 
Life-trophoblasts  or  biophores,  99 


Light,  influence  of,  upon  development  of 

bacteria,  442 
Lightning-stroke,  15 
Lip,  carcinoma  of,  370 

malformations  of,  414 
Lipochrome,  197,  200 
Lipoma,  312 
Lipomatosis,  163 
Lipomyxoma,  311 
Liquefaction  necrosis,  149 
Lithocelyphopsedion,  406 
Lithocelyphos,  406 
Lithopsedion,  405,  406 
Liver,  amyloid  degeneration  of,  179,  182 

angioma  cavernosum  of,  322,  323 

cirrhosis  of,  297 

gumma  of,  505 

multilocular  adenocystoma  of,  362 
Liver-fluke,  556 
Livores,  110 
Lungs,  actinomycosis  of  the,  517 

fibrinous  exudates  in  the,  269 

mould-fungi  in  the,  533 

red  hepatization  of  the,  271 

syphilitic  disease  of  the,  507 

tuberculosis  of  the,  495 
Lupus  of  the  skin,  490 
Lustgarten's  bacillus  of  syphilis,  501 
Luxations,  congenital,  424 
Lymph,  antibacterial  properties  of,  74 
Lymphadenoid  tissue,  reproduction  of,  243 
Lymphangioma,  320,  325 

cavernosum,  326 

cystoides,  326 

hypertrophic  urn,  326,  327 

simplex,  325 
Lymphangiosarcoma,  342 
Lymph-fistula,  138 

Lymph-glands,  action  of,  as  filters,  72 
Lymphorrhagia,  138 
Lymphosarcoma,  339 
Lysis,  in  fever.  63 
Lysogenous  substance  of  Fraenkel,  76 

Mac  ROC  HE  ILIA,  326 

Macroglossia,  326 

Macrostomia,  416 

Madura  disease  or  Madura  foot,  521 

Malanders,  544 

Malaria,  207 

the  cause  of,  577 
Malformations,  93 

congenital,  397 
Malignant  oedema,  482 

tumors,  307 
Malleus ;  maliasmus,  512 
Mammary  gland,  carcinoma  of,  378,  382 

endothelioma  of.  344,  345 

intracanalicular  fibroma  of,  359 

mucous  carcinoma  of,  381 

papillary  cystocarcinoma  of,  384.  385" 

papillary  cystoma  of,  366 

tubular  adenoma  of,  358,  374 
Marasmic  thrombi,  120 
Marasmus,  140 
Margarin  crystals,  169 
Mastoid  antrum,  cholesteatomata  in,  35& 
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Measles  of  taenise,  560,  562 
Meat-poisoning,  34 
MeckePs  diverticulum,  419 
Mediastinal  dermoids,  389,  416 
Medullary  cancers,  300 
Megastoma  entericum,  572 

intestinale,  572 
Melsena  neonatorum,  134 
Melanin,  197,  199 
Melanomata,  327 
Melanosarcomata,  348 
Melanosis  of  internal  organs,  200 
Meningocele,  412 
Meningococcus,  461 
Meningo-encephalitis  syphilitica,  504 
Meningo-encephalocele,  412 
Menorrhagia,  132 
Merismopedia,  439,  454 
Merorachischisis,  407 
Mesodermal  epithelial  cysts,  390 
Metabolism,  bacterial,  444 
Metaglobulin,  120 
Metakinesis,  228,  230 
Metaplasia,  epithelial,  255 

of  the  tissues,  253 
Metastases,  40 

formation  of,  in  carcinomata,  368 

in  tuberculosis,  496 

of  pigment,  48 

retrograde,  41 
Metastatic  daughter-tumors,  45 

infectious  foci,  46 

inflammations,  257 
Methsemoglobin,  204 

the  formation  of,  23 
Methyl  guanidin,  33 
Metrorrhagia,  132 
Miasm,  definition  of,  29 
Miasmatic-contagious    disease,    definition 

of,  29 
Miasms  and  contagions,  boundary-line  be- 
tween, 31 
Micrencephalus,  412 
Microbacteria,  439 
Microcephalus,  154,  412 
Micrococci,  439 
Micrococcus  ascoformans,  466 

aurantiacus,  454 

cyaneus,  446 

gonorrhoece,  463 

hsematodes,  454 

luteus,  454 

tetragenus,  454 

urese,  454 

violaceus,  454 

viscosus,  454 
Microgyria,  154 
Micromelus,  421,  422 
Micromyelia,  91 
Microsome  rays,  230 
Microsomia,  404 
Microsporon  furfur,  538 

minutissimum,  538,  539 
Microstomia,  416 
Miescher,  sacs  of,  575 
Miliary  tubercles,  491 

tuberculosis,  hsematogenous,  497 


Milk  from  tuberculous  cows,  485 

Milk-patch,  286 

Miracidium,  550,  557 

Mites,  542 

Mi  tome,  230 

Mitosis,  227 

Moeller's  or  Barlow's  disease,  134 

Mole,  404 

hydatid.  374 

pigmented,  198 
Monas  lens,  572 
Monilia  Candida,  536 
Monobrachius,  422 

Monogerminal  tissue-implantation,  392 
Monomorphic  bacteria,  439 
Monopus,  422 
Monsters,  397 

double,  403,  432 

triple,  433 
Morbus  maculosus  Werlhofii,  134 
Morgagni,  hydatid  of,  431 
Morphine,  poisoning  by,  26 
Morphoea  nigra  et  alba,  510 
Mosquitoes,  agency  of,  in  spreading  certain 

diseases,  556 
Mother-star,  227 
Mouldering,  447 
Mould-fungi,  531 
Mouth,  development  of,  416 

malformations  of,  416 
Mucins,  the,  173 
Mucor  corymbifer,  534 
Mucorinese,  disease-producing,  87 
Mucous  degeneration,  171 

membranes,     papillary    epitheliomata 
of,  354 

tissue,  reproduction  of,  243 
Müller "s  duct,  431 
Multiple  fibromata  of  the  skin,  336 
Mummification,  150 
Muscardine  in  silkworms,  541 
Muscar  n,  poisoning  by,  27 
Muscidse,  545 
Muscle  in  dermoid  cysts,  392 

non -striated,  hypertrophy  of,  250 
new  formation  of,  249 

striated,  hypertrophy  of,  249 
new  formation  of,  247 
Muscle-trichina,  553 
Muscles,  cadaveric  stiffening  of,  141 

supernumerary,  427 
Muscular  system,  pathological  changes  in 

the,  91 
Mycelium,  532 
Mycetoma,  521 
Mycobacterium,  490 
Mycoderma  aceti,  469 

albicans,  535 
Mycodesmoid,  466 
Mycofibroma,  466 
Mycoprotein,  440 
Mycosis,  intestinal,  534 

versicolor,  538 
Myelocele,  408 
Myelocystocele,  409 
Myelocystomeningocele,  409 
Myelo-cysts,  391 
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Myelomeningocele,  408 

Myiasis,  546 

Myofibroma,  330 

Myolipoma  inside  the  vertebral  canal,  389 

Myoma,  329 

Myosarcoma,  342 

Myositis  ossificans,  319 

Myxoangiosarcoma,  352 

Myxoedema,  57 

Myxoma,  310 

Myxosarcoma,  311,  342 

N^VUS    FLAMMEUS,   320 

pigmented,  327 

vasculosus,  320 

vinosus,  320 
Nanosomia,  404 
Nasal  mucous   membrane,  lymphosarcoma 

of,  339 
Neck,  malformations  of,  414 
Necrobiosis,  144 
Necrosis,  142,  144 

neuropathic,  144 
Nematoda,  30,  546 
Nematoidium  ovis  pulmonale,  551 
Nerve-  and  heart-poisons,  21,  25 
Nerve  elements,  new  formation  of,  250 
Nerve-fibres,  peripheral,  new  formation  of, 

253 
Nerves,  fibromata  of,  335 

fibromatosis  of,  336 

leprosy  of,  510 

regeneration  of,  251 
Nervous     system,      central,     pathological 

changes  in  the,  91 
Neuridin,  33,  36,  445 
Neurin,  33,  445 
Neuroepithelioma,  334 
Neurofibroma,  335 
Neuroglia,  hypertrophic  growth  of,  250 

regenerative  growth  of,  250 
Neuroglioma  ganglionare,  334 
Neuroma,  335 

amputation,  252 

amyelenicum,  337 

cirsoid,  336 

myelenicum,  337 

plexiforme,  336 

verum,  337 
Neuropathic  atrophy,  160 

gangrene,  151 

necroses,  144 
Neuroses,  traumatic,  17 
Nicotine,  poisoning  by,  26 
Nitrate-of-silver  poisoning,  22 
Nitrogenous  nourishment,  importance  of,  10 
Nodes,  gouty,  193 
Nuclear  division,  asymmetrical,  231 

framework,  227,  230 

granules,  230 

segments,  227 
Nuclein,  227 

Nucleus,  composition  of  the,  227 
Nutrition,  retrograde  disturbances  of,  130 

Obesity,  163 

Obligatory  anaerobes,  442 

38 


Obturating  thrombus,  120 

Occipital  bone,  eburneous  osteoma  of,  317 

Ochronosis  of  cartilage,  200 

Odontomata,  317 

(Edema  and  dropsy,  127 

ex  vacuo,  130 

inflammatory,  265 

purulent,  274 
CEsophagus,  growth  of  aphthse  upon  the,  533 
CEstridae,  545 
CEstrus  bovis,  546 

ovis,  546 
Oi'dium  albicans,  535 

subtile  cutis,  537 
Olein,  169 

Oligomorphic  bacteria,  439 
Omentum,  tuberculosis  of,  499 
Omphalocele,  417 
Omphalomesenteric  duct,  417 
Oncosphaera,  569 
Onychogryphosis,  220 
Onychomycosis  favosa,  538 

trichophytina,  538 
Opium  and  morphine,  poisoning  by,  26 
Organs,  weight  of,  221 
Osteoarthropathie  hypertrophiante,  224 
Osteoblasts,  242,  280 
Osteochondroma,  315,  319 
Osteofibroma,  319 
Osteoid  sarcomata,  350 

trabeculae,  243 
Osteomata,  316,  426 

dental,  317 

disconnected,  316 

dura  sen  eburnea,  317 

heteroplastic,  316 

parosteal,  316 

spongiosa,  317 
Osteophyte,  316 
Osteoporosis,  156 
Osteosarcoma,  342 
Ovary,  adenocystoma  of,  364 

dermoid  cysts  of,  392,  393 

multilocular  adenocystoma  of,  361 

papillary  cystadenoma  of,  360 

papillary  cystocarcinoma  of,  384 

teratomata  of,  392,  393 
Overwork,  hypertrophy  from,  221 
Oxygen,    effects   of  a  diminution    in   the 
supply  of,  8 

influence  of,  upon  development  of  bac- 
teria, 442 
Oxyuris  vermicularis,  548 

Pachyakria,  224 
Packet-shaped  cocci,  439 
Paget 's  disease,  577 
Palate,  deformities  of,  415 
Palmitin,  169 
Pancreas,  cyst  of  the,  215 
Papillary  cystomata,  354 
epitheliomata,  353 

conversion  of,  into  a  carcinoma, 
373 
Papilloma,  308 
Paracholia,  nervous.  208 
Paradoxical  embolism,  41 
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Paralysins,  7G 

Paramsecium  coli,  572 

Paramitome,  230 

Parasite  (in  the  case  of  twins),  437 

Parasites,  animal,  38,  542 

formation  of  cysts  by,  216 
Parasitic  diseases,  29 

infection,  30 
Parasitism,  origin  of  disease  through,  28 
Parenchymatous  degeneration,  161 

inflammation,  263 
Parietal  thrombus,  120 
Parotid  gland,  angiosarcoma  of,  348 
Chondrofibroma  of,  348 
chondromyxosarcoma  of,  314 
myxoangiosarcoma  of,  352 
Parosteal  osteomata,  316 
Pathology  and  pathological  anatomy,  the 
problems  of,  1 

general,  definition  of,  6 
Pearl  disease,  484,  500 

tumors,  355,  388 
Pearls,  epithelial,  377 
Pediculus  capitis,  545 

pubis,  545 

vestimentorum,  545 
Pellagra,  34 
Penis,  duplication  of,  427 

dwarfed  condition  of,  419 
Pentastoma,  542 

denticulatum,  543 
Peptotoxin,  36,  445 
Peribronchitis,  272 
Pericarditis  villosa,  267 
Peripheral  nerves,  pathological  changes  in, 

92 
Perithecia,  536 
Perithelioma,  348 

Peritoneum,  cystic  lymphangioma  of,  326 
Peritrichal  flagella,  482 
Perniones,  13 
Perobrachius,  422     . 
Perochirus,  423 
Perodactylus,  422 
Peromelus,  421 
Peropus,  422 
Perturbatio  critica,  64 
Pes  calcaneus,  425 

equinovarus,  425 

valgus,  425 
Pestilence,  definition  of,  28 
Petechige,  131 

cadaveric.  110 
Petrifaction,  189 

in  carcinomata,  383 
Petrifying  sarcoma,  350 
Phagocytes,  291 
Phagocytosis,  70,  289,  292 
Phimosis,  hypertrophic,  420 
Phleboliths,  123 
Phlegmon,  274,  456 
Phocomelus.  421 
Phosphorescent  phenomena,  446 
Physalides,  382 

Pia  mater,  cholesteatomata  of  the,  391 
Pigeon-diphtheria,  523 
Pigment,  hsematogenous,  201 


Pigment,  metastasis  of,  48 

pathological  absence  of,  212 
formation  of,  197 
Pigment-carrying  cells,  202 
Pigmented-granule  spheres,  290 
Pithead  tapeworm,  568 
Pityriasis,  538 

circinata,  541 

maculata,  541 

rosea,  541 
Placental  infections,  intra-uterine,  101 

villi,    carcinomatous    transformation 
of,  374 
Plague,  bubonic,  483 
Plasmodium  malariae,  577 
Plasmoschisis,  120,  143 
Plate-cultures,  450 
Plerocercoid,  569 
Plethora,  106 

Pleura,  endothelioma  of,  344 
Pleuritis,  fibrinous.  270 
Pleuropneumonia,  contagious,  of  cattle,  466 
Plexiform  neuroma,  33(5 
Plugs,  epithelial,  in  cancer  of  the  skin.  377 
Pluripolar  division,  230 
Pneumococcus,  459 
Pneumonia,  croupous,  271,  460 

infectious,  of  horses,  465 
Pointed  condylomata,  355 
Poisoning,  definition  of,  18,  19 
Poisons,  classification  of,  20 

different  varieties  of,  18 
Polar  area,  229 

corpuscles,  228 

furrow,  407 
Polydactylism,  398.  426 
Polymelos,  436.  437 
Polymorphous  bacteria,  440,  468 
Polypi,  hairy,  391 

valvular,  121 
Post-mortem  hypostasis,  110 
Predisposition,  acquired,  77 

congenital,  77.  89 
Prepuce,  absence  of,  420 

hypertrophy  of.  420 
Pressure  atrophy,  160„ 
Pressure,  continuous,  effects  of,  16 
Proglottides,  559 
Proliferation,  phenomena  of,  279 
Prosoposchisis,  415 
Prostatic  calculi,  194 
Protective  mechanisms,  natural,  67 
Proteus  vulgaris,  469 
Prothrombin,  120 
Protozoa.  30 

parasitic,  38,  570 
Psammomata,  191,  351 
Pseudalius  ovis  pulmonalis,  551 
Pseudodiphtheria-bacilli,  481 
Pseudohermaphrodismus,  428,  429 
Pseudomelanosis.  203 
Pseudomucin,  173 
Pseudorhabditis  stercoralis,  551 
Pseudotuberculosis,  501 

aspergillina,  536 

cladothrichica,  520 
Psorospermose  folliculaire  vegötante,  577 
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Psychoneurosis,  17 
Ptomains,  33,  36,  445 

toxic,  18 
Pulex  irritans,  545 

penetrans,  or  sand  flea,  545 
Pulmonary  circulation,  increase  of  resist- 
ance in,  107 
Pulse,  acceleration  of,  Q6 
Purpura,  132 

hsemorrhagica,  134 

rheumatica.  134 

simplex,  134 
Pus,  271 

inspissated,  calcification  of,  289 
Pus-cocci,  461 
Pus-corpuscles.  271 
Pustule,  271 
Putrefaction,  142 

alkaloids,  445 

zymoids,  36 
Putrescin,  33,  445 
Putrid  gangrene,  150 
Pyaemia,  459,  463 
Pyelonephritis  of  cattle,  523 
Pygopagus,  433,  435 
Pyoseptsemia,  459 

QuiNixE,  poisoning  by,  27 

Rabies,  protective  inoculations  against,  86 
Rabbit  septicaemia,  523 
Rachicele,  408 
Rachipagus,  437 
Rachiscliisis.  partial,  407 

total,  406 
Rag-sorters'  disease,  473 
Rainey's  bodies,  576 
Ray-fungus,  515 
Rays,  228 

Receptaculum  scolicis,  562 
Rectum,  cancer  of,  377 
Redise,  or  secondary  germ-sacs,  556,  557 
Reduplications,  402 
Regeneration,  217 

of  degenerated  tissue,  278 
Relapse,  nature  of,  5 
Relapsing  fever,  64,  529 
Remittent  fever,  64 

Repair  by  first  and  by  second  intention,  283 
Respiratory  apparatus,  aspergillus  mycoses 

of,  536 
Resting  cells,  234 
Retention  cyst,  214 
Retina,  glioma  of,  334 
Rhabdomyoma,  330 
Rhinoscleroma,  514 
Rhizopoda,  570 
Ribs,  supernumerary,  428 
Rice-water  intestinal  discharges  in  cholera, 

526 
Ricin,  88 

poisoning  by,  25 
Rigor  mortis,  141 
Rigors,  65 
Roseola  furfuracea  herpetiformis,  541 

syphilitica,  502 
Roundworms,  546 

33 


Rudimentary  twin,  392 
Russel's  bodies,  187 

Sacchakomyces  ellipsoideds,  532 

lithogenes,  536 

neoformans,  536 
Saccharomycetes,  30 

disease-producing,  37 
Sacs  of  Miescher,  575 
Sago-spleen,  178 
Sand  flea,  or  pulex  penetrans,  545 

tumors,  351 
Santonin,  poisoning  by,  27 
Saprophytes,  441 
Saprophytic  bacilli,  468 

cocci,  454 
Sarcina  ventriculi,  454 
Sarcinse,  439,  454 
Sarcoblasts,  280 
Sarcoma,  337 

alveolar,  342 

etiology  of,  338 

giant-cell,  341 

large  round-celled,  340 

medullary.  338 

organoid,  342 

osteoid,  350 

petrifying,  350 

phyllodes,  366 

small  round-celled,  338 

spindle-celled.  340 

telangiectatic,  338 

tubular,  342 
Sarcoplasm,  248 
Sarcoptes  hominis,  542,  544 
Sarcosporidia,  576,  581 
Sausage-poisoning,  34 
Scabies,  542 
Scan,  537 

Schistoprosopia,  414 
Schizomycetes,  30,  37,  439 
Scirrhus,  380 
Sclerosis,  186 

of  nerve-tissue,  250 
Scolecipariens,  566 
Scolex,  559 
Scrofulosis,  489 
Scurvy,  134 

of  the  Alps,  34 
Scutula  of  favus,  537 
Sebaceous  glands  in  dermoid  cysts,  392 
Second  intention,  repair  by,  283 
Secretion,  internal,  54 
Segmentation,  direct,  231 

indirect,  227 
Segmented  skein,  229 
Semilunar  ganglia,   pathological   changes 

in,  61 
Sepsin,  36,  445 
Septicemia,  459,  463 
Septicopyaemia,  459,  463 
Sequestration  of  necrosed  tissue,  278 
Serpiginous  ulcers,  295 
Serum,  healing,  84 

protective,  84 
Sexual  glands,  teratoid  tumors  of,  395 

organs,  internal,  development  of,  431 
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Shock,  erethistic  and  torpid,  17 

vSickiiess,  causes  of,  3 

Siderosis,  hsematogenous,  204 

Sirenomelia,  422 

Skein-like  structure  of  tlie  nucleus,  227 

Skeleton,  pathological  changes  in  the,  90 

8kin,  cancer  of,  370 

leprous  nodule  of  the,  509 

lupus  of  the,  490 

melanotic  alveolar  sarcoma  of,  349 

multiple  fibromata  of  the,  330 

pathological  alterations  of,  93 

pigmentation  of,  197 
Skin-transplantation,  235 
Skull-cap,  angioma  cavernosum  of,  324 
Smallpox  pustule,  272 
Smear  cultures,  450 
Snake  poison,  19,  88 
Soft  chancre,  484 
Special  sense,  organs  of,  new  formation  of 

the  tissues  of,  253 
Sphacelus,  150 
Sphserobacteria,  439 
Spheres,  fatty-granule,  290 

pigmented-granule,  290 
Spider-cells,  250 
Spina  bifida,  400,  408 
occulta,  389 
Spinal  coluum,  pressure  atrophy  of  the,  160 

cord,  development  of,  414 
Spindle-celled  sarcoma,  340 
Spindle-figure,  230 
Spindle,  nuclear,  228 
Spirilla,  or  spirillacese,  or  spirobacteria. 

439,  524 
Spirillum  choleraä  Asiaticae,  525 

of  Tinkler  and  Prior,  528 

rugula,  524 

serpens,  524 

sputigentim,  529 

tenue,  524 

tyrogenum.  529 

undula,  524 

volutans,  524 
Spirochaete,  439 

buccalis,  524 

Obermeieri,  529 

plicatilis,  524 

varieties  of,  524 
Spleen,  amyloid  degeneration  of,  179,  181 

changes  in,  in  relapsing  fever,  530 

tissue,  reproduction  of,  243 
Sporangia,  535 
Spore-formation,  440,  467 
Spores,  32,  532 
Sporoblasts,  576 
Sporocyst,  556,  557,  576 
Sporogenic  granules,  441 
Sporozoa,  38,  573 
Stab-cultures.  451 
Staggers,  cause  of  the,  568 
Staphylococci,  439 
Staphylococcus  pyogenes  albus,  463 
aureus,  274,  461 
citreus,  463 
Stars,  228 
Starvation,  9 


Stasis  of  the  blood,  125 

local,  109 
Stearin,  169 
Sterigmata,  535 

Sterilized  cultures,  injection  of,  84 
Sternopagus,  436 
Stigmatization.  134 
Stomach,  carcinoma  of,  372,  383 
Stomoxyidse,  545 
Stone-cutter's  lung,  294 
Straddling  emboli.  45 
Strangles  of  horses,  465 
Streptococci,  439 
Streptococcus  pyogenes,  274,  455 

lanceo latus,  459 
Streptothrix  Madurse,  521 
Strongylus  armatus,  551 

bronchi alis.  551 

commutatus.  551 

duodenal  is,  549 

filar i a,  551 

longevaginatus,  551 

mi  cruras,  551 

paradoxus,  551 

rufescens,  551 

syngamus,  551 
Strychnine,  poisoning  by,  27 
Sucking-mite,  544 
Sucking-worms,  556 
Suffocation.  8 
Suggillations,  131 
Sunstroke,  12 

Supernumerary  organs,  402,  426 
Suppuration,  catise  of,  461 
Suprarenal  capsules,  altered  function  of,  60 
Stisceptibility   to    infections  at   different 

ages,  81 
Sweat-glands  in  dermoid  cysts,  392 
Swine-erysipelas,  522 
Swine-plague.  522 
Sycosis  parasitaria,  538 
Symbiotes  equi  of  Gerlach,  544 
Symmetrical  gangrene.  152 
Symmyelia.  422 
Symptomatic  anthrax,  521 

protective  inoculations  against,  86 
Symptts,  422 
Syncephalus,  435.  436 
Syncope.   17 
Syncytium.  374 
Syndactylism.  422.  427 
Synophthalmus.  412.  413 
Svnotia.  415 
Syphilides.  502 
Syphilis,  bacillus  of,  501 

hereditary.  506 
Syringomyelia,  91 
Syringomyelocele.  409 

Tabaxid.e,  545 
Tablet-formed  cocci.  439 
Tactile  irritability,  71 
Taenia  coenttrus.  568 

cucumerina,  564 

echinococctis,  564 

elliptica,  564 

leptocephala,  564 
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Taenia  marginata,  568  ,> 

mediocanellata,  563 

nana,  564 

saginata,  563 

serrata,  568 

solium,  560 
Tail,  formation  of  a,  in  the  human  being, 

427 
Talipomanus,  425 

Tapeworms,  559.     See  also  under  Tcenia 
Tarichium  megaspermum,  54" 
Tartar  of  the  teeth,  194 
Tattooing  of  the  skin,  42,  211 
Teeth  in  dermoid  cysts,  392 

supernumerary,  428 
Telangiectasia,  320 

Temperature,   influence  of,  upon  develop- 
ment of  bacteria,  442 
Temperatures,  high,  of  the  body,  11 

low,  of  the  body,  13 
Tendinous  spot,  286 
Teratoid  cysts,  387,  391 

tumors,  300,  387 
Teratomata,  autochthonous,  392 

heterochronous  and   heterotopous 
growth  in,  387 

solid,  391 
Terminal  artery,  111 
Testicle,  adenocystoma  of,  361 

adenorhabdomyoma  of,  395 

angiosarcoma  of,  347 

congenital  adenocystoma  of,  394 

dermoid  cysts  of,  395 

retention  of,  in  the  abdojninal  cavity, 
424 

teratomata  of,  392,  394 
Tetanotoxin,  33,  482 
Tetanus  antitoxin,  88 
Tetanus-bacillus,  481 
Tetany,  thyreoprival,  56 
Thoracic  cavity,  faulty  closure  of,  417 
Thoracogastroschisis,  418 
Thoracopagus,  435,  436 
Threadworms,  548 
Thrombin,  120 

Thrombo-arteritis  purulenta,  123 
Thrombo-phlebitis  purulenta,  123 
Thrombosis,  114,  120,  137 
Thrombus,  41,  44,  114,  120,  286 

replacement  of,  by  connective  tissue, 
287 

septic  softening  of,  123 
Thyreoprival  cachexia,  56 

tetany,  56 
Thyroid,  angiosarcoma  of,  346 
Thyroiodine,  59 

Tibia,  tuberculous  disease  of,  493 
l^icks,  543,  544 
Tinea  favosa,  537 
Tipulid?e,  545 
Tissue-implantation,  bigerminal,  392 

monogerminal,  392 
Tissues,  restitution  of  the,  5 
Toes,  dwarfing  of,  422 
Tongue,  actinomycosis  of  the,  516 
Tongue-worms,  542 
Tophi,  gouty,  192 


Torula-chains,  453 

Toxalbumins,  18,  27,  33,  37,  445 

Toxenzymes,  18 

Toxic  substances,  18 

Toxinsemia,  34 

Toxins,  18,  33,  445 

Transmissible  pathological  conditions  and 

tendencies,  98 
Transplantation,  235 
Traumatic  epithelial  cysts,  875 

neuroses,  17 
Trematoda,  30,  556 
Trichina  spiralis,  552 
Trichocephalus  dispar,  552 
Trichomonas  intestinalis,  572 

vaginalis,  572 
Trichophyton  tonsurans,  538,  540 
Trichothecium  roseum,  534 
Trophoneurotic  diseases  of  the  tissues,  51 
Tubercle,  caseation  of,  488 
Tubercles,  miliary,  491 
Tuberculin,  87,  489 
Tuberculosis,  484 

bovine,  500 

hsematogenous  miliary,  497 

infectiousness  of,  489 
Tubular  cocci,  439 
Tumors,  226 

adenocystoma,  360 

adenoma,  357 

angiosarcoma,  346 

benign  and  malignant,  307 

cachexia  accompanying,  308 

carcinoma,  367 

chloromata,  349 

chondromata,  313 

connective-tissue,  299,  308 

cylindroma,  351,  382 

cystic,  300,  387 

cystocarcinoma,  383 

definition  of,  298 

dermoid  cysts,  388 

desmoid,  308 

different  varieties,  308 

endothelioma,  342 

epithelial,  300 

etiology,  301 

fibroma,  308 

glioma,  332 

growth  of,  by  infiltration,  304 

haemangiomata,  320 

keloid,  310 

lipoma,  312 

lymphangiomata,  320 

melanosarcomata.  348 

metastases,  305,  385 

myofibroma,  330 

myoma,  329 

myxochondroma,  312 

myxoma,  310 

myxofibroma,  311 

myxolipoma,  311 

myxosarcoma,  311 

neurofibroma.  335 

neuroglioma,  332 

neuroma,  335 

osteoid  sarcoma,  350 
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Tumors,  osteoma,  316 

papilloma,  308 

psammoma,  351 

recurrence  of,  307 

retrogressive  changes  ii),  307 

sarcoma,  337 

teratoid,  300,  38 
Twin  formations,  432 

rudimentary,  392 
Tympanic  cavity,  cholesteatomata  in,  356 
Typhoid  fever,  bacillus  of,  473 

protective  Inoculations  against,  87 

of  fowls,  522 
Typhotoxin,  33 

Udder-inflammations,  466 
Ulceration,  tuberculous,  494 
Ulcers,  273 

chronic,  295 

indolent,  296 

serpiginous,  295 
Ulcus  molle,  484 
Umbilical  hernia,  417 
Urachus-cysts,  390 
Urgemia,  52 

Urates,  deposit  of,  in  gout,  191 
Ureteritis  cystica,  577 
Urethra,  abnormal  narrowness  of,  420 

absence  of,  420 
Urethritis,  gonorrho3al,  464 
Uric-acid  deposits,  191 
Urinary  calculi,  197 
Urobilin,  201 
Uterus,  adenocarcinoma  of,  378 

myoma  of,  330 
Uvula,  bifurcation  of,  415 

Vacuoles,  143,  162,  207,  262 

Valvular  thrombus,  120 

Vascular  nsevi,  320 

system,  pathological  changes  in  the,  91 
walls,  pathological  alterations  of,  257 

Vasculitis,  proliferating,  286 

Vaso-motor  nerves,  irritation  or  paralysis 
of,  134 

Venous  pulsation,  104 


Veratrine,  poisoning  by,  27 
Vermes,  546 
Verruca  senilis,  353 

vasculosa,  322 
Verrucae  carne*,  328 
Vertebrae,  extra,  427 
Vertebral  canal,  deficient  closure  of,  406 
Vesicles,  263 
Vibrio  choler?e,  525 

of  Metschnikoff,  529 

rugula,  524 
Vibrion  butyrique.  468 

septique  of  Pasteur,  482 
Viscera,  abnormal  positions  of,  424 

duplications  of,  428 
Visual  apparatus,  pathological  conditions 

of,  93 
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Wounds,  effects  of,  16 
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Xiphopagus,  436 
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Zona  dermatica,  408 

epithelo-serosa,  407 
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Professor  of  Diseases  of  the  Skin  in  the  College  of  Physicians  and  Sm-geons,  Columbia  University, 
New  York,  etc.,  etc. 

SKIN  DISEASES  OF  CHILDREN.  The  work  is  based  upon  a  series 
of  papers  originally  contributed  to  the  American  Journal  of  Obstetrics, 
in  1896,  and  has  been  elaborated  and  a  large  formulary  added.  8vo, 
profusely  illustrated  by  photogravure  plates,  chromo-lithographic  plates, 
and  half-tone  cuts.     Muslin,  S2.50  net. 

Freyer,  P.  J.,  M.A.,  M.D.,  M.Ch., 

Surgeon  Lieutenant-Colonel,  Bengal  Army  (retired). 

THE  MODERN  TREATMENT  OF  STONE  IN  THE  BLADDER 
BY  LITHOLAPAXY.  A  description  of  the  operation  and  instruments, 
with  cases  illustrative  of  the  difficulties  and  complications  met  with. 
Second  edition.      One  8vo  volume,  illustrated.     Muslin,  $1.25  net. 

Qarrigues,  Henry  Jacques,  A.M.,  M.D., 

Obstetric  Surgeon  to  the  Maternity  Hospital ;  Physician  to  the  Gynecological  Department  of  the 
German  Dispensary  ;  Fellow  of  the  American  Gynecological  Society  ;  Fellow  of  the  New  York 

Obstetrical  Society,  etc. 

DIAGNOSIS  OF  OVARIAN  CYSTS  BY  MEANS  OF  THE  EX- 
AMINATION OF  THEIR  CONTENTS.  8vo,  112  pages,  illus- 
trated, muslin,  $1.00  net. 
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Gemmell,  Q.  H.,  F.I.C.,  F.C.S.  Ed. 

CHEMICAL  NOTES  AND  EQUATIONS,  INORGANIC  AND  OR- 
GANIC.    One  volume  of  254  pages,  1 2mo.     Muslin,  $1.75   net. 

Qowers,  W.  R.,  M.D., 

Assistant  Professor  of  Clinical  Medicine  in  University  College :  Senior  Assistant  Physician  to 
University  College  Hospital ;  Physician  to  the  National  Hospital  for  the  Paralyzed  and  Epileptic. 

EPILEPSY  AND  OTHER  CHRONIC  CONVULSIVE  DISEASES. 
Their  Causes,  Symptoms,  and  Treatment.  8vo,  366  pages,  m.uslin, 
$1.00  net. 

DIAGNOSIS  OF  THE  DISEASES  OF  THE  BRAIN  AND  SPINAL 
CORD.      8vo,  301  pages,  muslin,  $1.00  net. 


Qrandin,  Egbert  H.,  M.D., 


Ctiairman  Section  on  Obstetrics  and  GjTiecology.   New  York  Academy  of  Medicine ;   Obstetric 
Surgeon,  New  York  Maternity  Hospital ;  Obstetrician,  New  York  Infant  Asylum,  etc. ;  and 


Gunning,  Josephus  H.,  M.D., 


Instructor  in  Electro-Therapeutics,  New  York  Post-Graduate  ^Medical  School  £ind  Hospital ; 
Gynecologist  to  Riverview  Rest  for  Women  ;  Electro-G>Tiecologist,  Northeastern  Dispensary,  etc. 

PRACTICAL  TREATISE  ON  ELECTRICITY  IN  GYNECOLOGY. 

Illustrated.      8vo,  muslin,  180  pages,  $1.75  net. 

Haab,  Prof.  O.,  M.D., 

Professor  of  Ophthalmology,  university  of  Zurich.    Translated  and  Edited  by 

Ernest  Clarke,  M.D.,  B.S.  Lond., 

Fellow  of  the  Royal  College  of  Surgeons  :  Surgeon  to  the  Central  London  Ophthalmic  Hospital ; 
Ophthalmic  Surgeon  to  the  Mller  Hospital,  etc.,  etc. 

AN  ATLAS  ON  OPHTHALMOSCOPY.  One  i2mo  volume,  contain- 
ing 64  full-page  plates,  embracing  102  figures,  superbly  executed  by 
chromo-lithography,  with  complete  descriptive  text  and  an  introductory 
chapter.  The  plates  are  probably  the  finest  set  of  ophthalmoscopic 
figures  ever  published.  Äluslin,  $3.00  net.  (Volume  I.  of  Wood's 
Medical   Hand  Atlases.) 

Hamilton,  Frank  Hastings,  A.M.,  M.D.,  LL.D., 

Professor  of  the  Practice  of  Surgery,  with  Operations,  and  of  Clinical  Surgery,  in  Bellevue  Hospital 
Medical  College :  Visiting  Surgeon  to  Bellevue  Hospital ;  Consulting  Surgeon  to  Bureau  of 
Surgical  and  Medical  ReUef  for  the  Out-Door  Poor,  at  Bellevue  Hospital ;  to  the  Central 
Dispensary :  and  to  the  Hospital  for  the  Ruptured  and  Crippled ;  Fellow  of  the  New  York 
Academy  of  Medicine,  etc. 

THE  PRINCIPLES  AND  PRACTICE  OF  SURGERY.  Illustrated 
with  four  hundred  and  sixty-seven  engravings  on  wood.  Royal  8vo. 
954  pages.      In  muslin,  $4.00  net. 

Heitzmann,  Louis,  M.D.  (New  York). 

URINARY  ANALYSIS  AND  DIAGNOSIS  by  Microscopical  and 
Chemical  Examination.  One  volume  of  271  pages,  octavo,  illustrated  by 
108  original  wood  engravings,  28  of  which  are  full-page  in  size,  from 
drawings  by  the  author  from  actual  specimens.    Extra  muslin,  S2.00  net. 
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Helferich,   H.,  M.D., 

Professor  at  the  University  of  Greifswald. 

AN  ATLAS  OF  FRACTURES  AND  DISLOCATIONS.  Translated 
from  the  Third  Revised  German  Edition  by  Jonathan  Hutchinson, 
Jr.,  F.R.C.S.,  London.  This  volume  deals  with  fractures  and  disloca- 
tions in  all  their  details  and  is  beautifully  illustrated  by  68  superb  full- 
page  colored  plates.  130  pages  of  text,  containing  126  illustrations. 
8vo  (5^x8^2  inches).  ^luslin,  uniform  with  other  volumes  of  the 
series,  $3.00  net.     (Wood's  Medical  Hand  Atlases  ) 

Herman,  Q.  Ernest,  fl.B.  Lond.,  F.R.C.P., 

Obstetric  Physician  to  and  Lecturer  on  Midwifer}-  at  the  London  Hospital  :  Consulting  Physician- 
Accoucheur  to  the  Tower  Hamlets  Dispensary  ;  Examiner  in  Midwifery  to  the  Universities  of 
London  and  Oxford  :  Late  President  of  the  Obstetrical  Society  of  London  and  of  the  Hunterian 
Society  ;  Formerly  Physician  to  the  General  Lying-in  Hospital  and  to  the  Eastern  District  of  the 
Royal  Maternity  Charity,  and  Examiner  in  Midwifery  to  the  Royal  College  of  Surgeons. 

DISEASES  OF  WOMEN;  A  CLINICAL  GUIDE  TO  THEIR 
DIAGNOSIS  AND  TREATMENT.  Octavo,  886  pages,  profusely 
illustrated.      Extra  muslin,  $5.00  net ;  leather,  $5.75  net. 

DIFFICULT  LABOR  :  A  Guide  to  its  Management  for  Students  and 
Practitioners.  460  pages,  demi-octavo,  including  complete  index,  mus- 
lin, $2.00  net. 

Herrick,  Clinton  B.,  M.D.,  Troy,  N.  Y. 

Lecturer  in  Clinical  Surgery.  Albany  Medical  College:  Attending  Surgeon  to  the  Troy  Hospital  and 
the  House  of  the  Good  Shepherd:  Consulting  Surgeon  to  the  Leonaid  Hospital:  Surgeon  to  the 
Delaware  and  Hudson,  and  the  Fitchburg  Railways;  President  of  the  New  York  State  Association 
of  Railway  Surgeons,  etc..  etc. 

RAILWAY  SURGERY.  A  handbook  on  the  management  of  injuries. 
The  only  book  on  the  subject.  There  has  long  been  a  demand  for  a  work 
devoted  to  the  surgery  of  cases  resulting  from  railway  accidents.  This 
demand  the  present  volume  will,  it  is  believed,  supply.  The  book  is 
clear,  concise,  and  practical.  The  very  numerous  illustrations,  which 
have  all  been  made  specially  for  the  work,  are  from  photographs  taken 
under  the  author's  supervision,  and  are  of  remarkable  excellence.  One 
volume,  octavo,  profusely  illustrated  by  numerous  line  and  half-tone 
e  'gravings.     Muslin,  $2.00  net. 

Holden,  Luther,  fl.D., 

Ex-President  and  Member  of  the  Court  of  Examiners  of  the  Royal  College  of  Surgeons  of  England  ; 
Consulting  Surgeon  to  Saint  Bartholomew's  and  the  Foimdling  Hospitals  ;  assisted  by 

Shuter,  James,  F.R.C.S.,  fl.A.,  fl.B.  Cantab., 

Assistant  Surgeon  to  the  Royal  Free  Hospital ;  late  Demonstrator  of  Physiology,  and  Assistant 
Demonstrator  of  Anatomy,  at  Saint  Bartholomew's  Hospital. 

HUMAN  OSTEOLOGY.  Comprising  a  Description  of  the  Bones,  with 
Delineations  of  the  Attachments  of  the  Muscles,  the  General_  and  Micro- 
scopic Structure  of  Bone  and  its  Development.  Sixth  edition.  With 
sixty-six  full-page  lithographic  plates,  and  eighty- nine  wood-engravings. 
8vo,  285  pages,  muslin,  $1.00  net. 

Household  Practice. 

See  WOOD'S  HOUSEHOLD  PRACTICE. 
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Hudson,  E.  D.,  Jr.,  A.n.,  H.D., 

Professor  of  General  Medicine  and  Diseases  of  the  Chest  in  the  New  York  Polyclinic  ;  Physioiau  to 
Bellevue  Hospital,  etc. 

A  MANUAL  OF  THE  PHYSICAL  DIAGNOSIS  OF  THORACIC 
DISEASES.    8vo,  162  pages,  profusely  illustrated.     Muslin,  $1.25  net. 

Hutchinson,  Jonathan,  F.R.S. 

THE  PEDIGREE  OF  DISEASE.  Being  Six  Lectures  on  Tempera- 
ment, Idiosyncrasy,  and  Diathesis.     Muslin,  -Si. 00  net. 

Ingals,  E.  Fletcher,  A.M.,  M.D., 

Professor  of  Laryngology  and  Practice  of  Medicine,  Rush  Medical  College  :  Professor  of  Diseases  o  f 
Throat  and  Chest,  Northwestern  University  Women's  Medical  School ;  Professor  of  Laryngologry 
and  Rhlnology,;Chicago  Polyclinic,  etc. 

LECTURES  ON  THE  DIAGNOSIS  AND  TREATMENT  OF  DIS- 
EASES OF  THE  CHEST,  THROAT,  AND  NASAL  CAVITIES. 
Including  Physical  Diagnosis  and  Diseases  of  the  Lungs,  Heart,  and 
Aorta ;  Laryngology  and  Diseases  of  the  Pharynx,  Larynx,  Nose,  Thy- 
roid Gland,  and  (Esophagus.  Third  edition  (1898),  revised  and  en- 
larged, and  with  revisory  appendix,  8vo,  736  pages,  240  illustrations, 
including  colored  plate  of  stained  tubercle  bacilli.     Muslin,  $4.00  net. 

Jakob,  Dr.  Christfried, 

Practising  Physician  in  Bamberg ;  formerly  First  Assistant  in  the  Medical  Clinic  at  Erlangeu. 
With  an  Introduction  by 

Prof.  Dr.  Ad.  v.  Strümpell, 

Translated  and  Edited  (authorized)  by 

Joseph  Collins,  M.D., 

Instructor  of  Nervous  and  Mental  Diseases,  New  York  Post-Graduate  Medical  School,  etc. 

AN  ATLAS  OF  THE  NERVOUS  SYSTEMS,  NORMAL  AND 
PATHOLOGICAL,  together  with  a  Sketch  of  the  Anatomy,  Pathology, 
and  Therapy  of  the  same.  One  i2mo  volume,  containing  78  plates, 
embracing  118  figures,  superbly  executed  by  chromo-lithography,  with 
complete  descriptive  text  and  an  introductory  chapter.  The  plates  are 
executed  most  exquisitely,  and  form  a  collection  most  unique  in  neuro- 
logical literature.  Muslin,  $3.00  net.  (Volume  II.  of  Wood's  Medical 
Hand  Atlases.) 

Kaposi,  Dr.  Horiz, 

Professor  of  Dermatology  and  SjT)hilis,  and  Chief  of  the  Clinic  and  Division  for  Skin  Diseases  in  the 
Vienna  University. 

PATHOLOGY  AND  TREATMENT  OF  DISEASES  OF  THE 
SKIN.  For  Practitioners  and  Students.  Translation  of  the  latest  Ger- 
man edition.  8vo,  684  pages,  84  illustrations,  and  a  colored  plate,  mus- 
lin, $4.00  net;  leather,  $4.75  net. 

Kellogg,  Theodore  H.,  A.M.,  H.D., 

New  York,  Late  Superintendent,  Willard  State  Hospital ;  former  Physician-in-Chief  of  the  New  Yorlc 
City  Asylum  for  the  Insane,  etc.,  etc. 

A  TEXT-BOOK  ON  MENTAL  DISEASES,  for  the  Use  of  Students 
and  Practitioners  of  Medicine.  One  large  octavo  volume,  of  792  pages, 
illustrated  by  engravings  and  charts.     Muslin,  $5. 00  net. 
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Kirchhoff,  Dr.  Theodore, 

Physician  to  the  Schleswig  Insane  Asylum  and  Privat-Docent  at  the  University  of  Kiel. 

HANDBOOK  OF  INSANITY  FOR  PRACTITIONERS  AND  STU- 
DENTS. Illustrated  with  eleven  plates.  8vo,  362  pages.  Muslin, 
$2.25  net ;  flexible  leather,  gilt  top,  $2.75  net. 

Kirkes'  Handbook  of  Physiology. 

HANDBOOK  OF  PHYSIOLOGY.  By  W.  Morrant  Baker,  F.R.C.S., 
and  Vincent  Dokmef  Harris,  M.D.  Lond.,  F.R.C.P.  American 
Revision  of  Chapters  on  the  Nervous  System  by  Charles  L.  Dana, 
A.M.,  M.D.,  Professor  of  Nervous  and  Mental  Diseases  in  the  New 
York  Post-Graduate  Medical  School,  and  in  Dartmouth  Medical  Col- 
lege ;  Visiting  Physician  to  Bellevue  Hospital ;  Neurologist  to  the 
Montefiore  Home  ;  ex-President  of  the  American  Neurological  Associa- 
tion, etc. 

Thoroughly  revised  (1899)  by  Warren  Coleman,  M.D.,  late  Professor  of 
Physiology  in  the  Woman's  Medical  College,  New  York;  Instructor  in 
Materia  Medica  and  Therapeutics  and  in  Clinical  Medicine,  Cornell 
Medical  College,  New  York;  Physician  to  the  City  Hospital,  New 
York,  etc.,  etc. 

One  volume,  8vo,  illustrated  with  a  colored  plate  and  five  hundred  and 
sixteen  illustrations,  in  black  and  numerous  colors,  muslin,  $3.00  net ; 
leather,  $3.75  net. 

Knies,  Max,  M.D., 

Professor  Extraordinary  at  the  University  of  Freiburg, 

THE  EYE  AND  ITS  DISEASES,  IN  RELATION  TO  THE  DIS- 
EASES OF  OTHER  ORGANS.  Translated  and  edited  by  H.  D. 
NoYES,  M.D.     8vo,  470  pages,  illustrated,  muslin,  $3.50  net. 

Landau,  Prof.  Dr.  Leopold,  and 

Landau,  Dr.  Theodor, 

Berlin. 

THE  HISTORY  AND  TECHNIQUE  OF  THE  VAGINAL  RADI- 
CAL OPERATION.  Translated  by  B.  L.  Eastman,  M.D.,  Berlin,  and 
Arthur  E.Giles,  M.D.,  London.  One  volume,  octavo,  with  numer- 
ous original  illustrations.     Muslin,  $2.00  net. 

Lehman,  Prof.  K.  B.,  and 

Neumann,  Rudolf, 

Würzburg. 

ATLAS  AND  ESSENTIALS  OF  BACTERIOLOGY.  Sixty-three 
superbly  executed  chromo-Hthographic  plates,  with  description  facing 
each,  and  150  pages  of  text,  comprising  an  introduction  to  the  Mor- 
phology of  Bacteria,  a  chapter  on  technique,  index,  etc.  Muslin,  $3.00 
net.     (Volume  VI.  of  Wood's  Medical  Hand  Atlases.) 

Ling,  P.  He. 

SYSTEM  OF  MANUAL  TREATMENT  JAS  APPLICABLE  TO 
SURGERY  AND  MEDICINE.  By  Arvid  Kellgren,  M.D.  Edm. 
8vo,  151  pages,  with  79  illustrations,  muslin,  $1.00  net. 
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Liveing,  Robert,  A.M.  and  M.D.  Cantab.,  F.R.C.P.  Lond. 

Lecturer  on  Dermatology  to  the  Middlesex  Hospital  Medical  School :  lately  Physician  to  tb'r 
■Middlesex  Hospital;  Author  of  "Notes  on  the  Treatment  of  Skin  Diseas^,"  "'Elephantiasis 
Graecorum,"  etc. 

A    HANDBOOK    OX    THE    DIAGNOSIS    OF    SKIN    DISEASES. 

One  volume,  i6mo,  266  pages,  muslin,  $1.00  net. 

NOTES  OX  THE  TREATMEXT  OF  SKIX  DISEASES.  One 
volume,  T6mo,  127  pages,  muslin,  75c.  net. 

Loomis,  Alfred  L.,  M.D.,  LL.D., 

Professor  of  Pathology  and  Practical  Medicine,  in  the  Medical  Department  of  the  University  of  iJif 
City  of  New  York  ;  Visiting  Physician  to  Bellevue  Hospital,  etc. 

A  TEXT-BOOK  OF  PRACTICAL  MEDICIXE.  One  handsome  8vo 
volume  of  1,147  P^ges,  illustrated  by  two  hundred  and  eleven  engravings. 
Eleventh  edition.     ^Muslin,  $5.00  net ;  leather,  $5.75  net. 

LESSOXS  IX  PHYSICAL  DIAGXOSIS.  Eleventh  revised  edition. 
Revised  by  Alexander  Lambert,  M.D.,  X'ew  York.  One  volume, 
8vo,  illustrated,  muslin,  $2.50  net. 

Luff,  Arthur  P.,  M.D.,  B.Sc,  F.R.C.P.  Lond. 

GOUT;  ITS  PATHOLOGY  AXD  TREATMEXT.  The  subject  of 
diet  has  been  carefully  dealt  with,  and  a  classification  of  the  various 
mineral  waters  is  given  according  to  their  therapeutic  value  in  the 
treatment  of  the  various  forms  of  gout.  One  volume,  256  pages. 
Muslin,  $1.75  net. 

Macfarlane,  A.  W.,  M.D., 

Fellow  of  the  Royal  College  of  Physicians.  Edinburgh  :  Fellow  of  the  Royal  Medical  and  Chirurgien  1 
Society  of  London  ;  Examiner' in  Medical  Jurisprudence  in  the  Universitj-  of  Glasgow,  etc. 

INSOMXIA  AND  ITS   THERAPEUTICS.     8vo,   302    pages,   muslin, 

$1.50  net. 

Mackenzie,  Morrell,  M.D.  Lond. 

Consulting  Physician  to  the  Hospital  for  Diseases  of  the  Throat,  etc.,  etc. 

A  MAXUAL  OF  DISEASES  OF  THE  THROAT  AXD  XOSE, 
INCLUDIXG  THE  PHARYXX,  LARYXX,  TPvACHEA,  OESOPH- 
AGUS, XOSE,  AXD  XASO-PHARYXX.  8vo,  two  volumes  in  one, 
854  pages,  illustrated.     Muslin,  $4.00  net. 

Macnaughton=Jones,  H.,  M.D.,  M.Ch. 

PRACTICAL  MAXUAL  OF  DISEASES  OF  WOMEX  AXD  UTER- 
IXE  THERAPEUTICS,  for  Students  and  Practitioners.  Seventh 
revised  and  enlarged  edition.  One  volume  of  933  pages,  small  8vo, 
illustrated  by  565  wood-engravings.     Muslin,  $4.00  net. 

Manson,  Patrick,  M.D.,  LL.D.  Aberd. 

Physician  to  the  Seaman's  Hospital  Society,  attached  to  the  Branch  Hospital:  Lecturer  on  Trop- 
ical Diseases  at  St.  George's  Hospital  and  Charing  Cross  Hospital  Medical  Schools,  etc..  etc 

TROPICAL  DISEASES:  A  MAXUAL  OF  THE  DISEASES  OF 
WARM  CLIMATES.  Octavo,  623  pages,  illustrated,  and  with  full- 
page  colored  lithographic  plate.     ^luslin,  $3.50  net. 
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Matthieu,  A., 

Physician  to  the  Paris  Hospitals. 

TREATMENT  OF  THE  DISEASES  OF  THE  STOMACH  AND 
INTESTINES.  8vo,  285  pages,  muslin,  $2.00  net ;  flexible  leather, 
gilt  top,  round  corners,  $2.50  net. 

Mauthner,  Ludwig, 

Royal  Professor  of  the  University  of  Vienna. 

THE  SYMPATHETIC  DISEASES  OF  THE  EYE.  Translated 
from  the  German  by  Warren  Webster,  M.D.,  James  A.  Spaulding, 
M.D.      i2mo,  220  pages,  muslin,  $1.50  net. 

May,  Charles  H.,  M.D., 

Instructor  in  Ophthalmology,  New  York  Polyclinic  ;  and 

Mason,  Charles  F.,  M.D., 

Late  Assistant  Surgeon,  U.S.A. 

AN  INDEX  OF  MATERIA  MEDICA.  With  Prescription  Writing, 
including  Practical  Exercises.  32mo,  muslin,  $1.00  net.  (Wood's 
Pocket  Manuals.) 

McQillicuddy,  T.  J.,  A.n.,  fl.D. 

FUNCTIONAL  DISORDERS  OF  THE  NERVOUS  SYSTEM  IN 
WOMEN.  One  volume,  8vo,  uniform  with  the  Medical  Practitioners' 
Library,  373  pages,  illustrated  by  forty-five  wood-engravings  and  two 
chromo-lithographic  plates.  Extra  muslin,  $2.75  net ;  flexible  leather, 
$3.25  net. 

McKay,  W.  J.  Stewart,  M.C.,  M.Ch.,  B.Sc.  Lond. 

LAWSON  TAIT'S  PERINEAL  OPERATIONS  and  an  ESSAY  ON 
CURETTAGE  OF  THE  UTERUS.  One  volume,  8vo,  illustrated. 
Muslin,  $1.00  net. 

Medical   Record. 

A  WEEKLY  JOURNAL  OF  MEDICINE  AND  SURGERY.  Sub- 
scription price,  $5.00  per  year. 

Medical  Record  Visiting  List. 

See  VISITING  LIST. 

Millard,  H.  B.,  M.D. 

A  TREATISE  ON  BRIGHT'S  DISEASE  OF  THE  KIDNEYS; 
ITS  PATHOLOGY,  DIAGNOSIS,  AND  TREATMENT.  Third 
edition,  revised  and  enlarged.  8vo,  322  pages,  numerous  original 
illustrations,  muslin,  $2.50  net. 
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Miller, 

STUDENTS'  HISTOLOGY.  A  course  of  normal  histology  for  students 
and  practitioners  of  Medicine. 

Re- written  and  enlarged  by 

Herbert  Ü.  Williams,  M.D., 

Professor  of  Pathology  and  Bacteriology.  University  of  Buffalo. 

One  volume  of  273  pages,  octavo,  profusely  illustrated.  Extra  muslin, 
$2.00  net. 

Moore,  John  William. 

A  TEXT-BOOK  OF  THE  ERUPTIVE  AND  CONTINUED 
FEVERS.     8vo,  535   pages,  illustrated    with  lithographic    plates    and 

temperature  charts,  muslm,  $3.25  7iet. 

Morris,  Henry,  M.A.,  M.B.  Lond.,  F.R.C.S., 

Surgeon  to  and  Lecturer  on  Surgery  at  the  Middlesex  Hospital :  Member  of  the  Council  and  of  the 
Court  of  Examiners  of  the  Royal  College  of  Surgeons.  England  :  Examiner  in  Surgery  in  th* 
university  of  London. 

INJURIES  AND  DISEASES  OF  THE  GENITAL  AND  URINARY 
ORGANS.  One  volume  of  494  pages,  8vo,  illustrated  by  96  wood  en- 
gravings, muslin,  $3.25  net. 

Morrow,  P.  A.,  A.M.,  M.D., 

Clinical  Professor  of  Venereal  Diseases  :  Consulting  Surgeon  to  the  Bellevue  Out-Door  Depart- 
ment, etc. 

VENEREAL  MEMORANDA.  A  Manual  for  the  Student  and  Prac- 
titioner. Second  edition.  32mo,  muslin.  Si- 00  net.  (Wood's  Pocket 
Manuals.) 

ATLAS  OF  SKIN  AND  VENEREAL  DISEASES.  One  volume, 
half  morocco,  $25.00.     (Subscription.) 

DRUG  ERUPTIONS.  A  Clinical  Study  of  the  Irritant  Effect  of  Drugs  up- 
on the  Skin.     8vo,  206  pages,  one  lithographed  plate,  muslin,  $1.50  net. 

MouUin,  C.  W.  Manseli. 

SPRAINS,  THEIR  CONSEQUENCES  AND  TREATMENT.  8vo, 
221  pages,  muslin,  $1.25  net. 

Murrell,  William,  M.D.,  F.R.C.P.  Lond. 

A  MANUAL  OF  MATERIA  MEDICA  AND  THERAPEUTICS. 
By  Special  Arrangement  with  the  Author,  Revised  to  Conform  with 
American  Practice  by  Frederick  A.  Castle,  M.D.,  New  York.  One 
volume  of  522  pages,  8vo,  with  complete  index.     Muslin,  $3.00  net. 

CLINICAL  LECTURES  ON  THE  PREVENTION  OF  CONSUMP- 
TION.    i2mo,  muslin,  $1.00  7iet. 
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Noman,  Dr.  D.  Van  Haren, 

Professeur  e.  o.  de  clinique  dermatologique  et  syphiligraphique  ä  la  Faculte  de  Medecine  d'Ams- 
terdam. 

CASUISTIQUE  ET  DIAGNOSTIC  PHOTOGRAPHIQUE  DES 
MALADIES  DE  LA  PEAU.  Consisting  of  photographic  plates, 
with  descriptive  text.  This  work  is  to  be  in  ten  parts,  unbound. 
Price  complete,  $20.00.   Subscription.^  (Seven  parts  are  published  so  far.) 

Noyes,  Henry  D.,  fl.D., 

Professor  of  Ophthalmology  and  Otology  in  Bellevue  Hospital  Medical  College  :  Executive  Surgeon 
to  the  New  York  Eye  and  Ear  Infirmary  :  recently  President  of  the  American  Ophthalmological 
Society,  etc. 

A  TEXT-BOOK  ON  DISEASES  OF  THE  EYE.  Royal  8vo,  832 
pages,  richly  illustrated  with  chromo-lithographic  plates  and  269 
engravings.      Second  edition.     Muslin,  $5.00  net ;  sheep,  $5.75  net. 

Obstetrics  and  Gynecology. 

CYCLOPEDIA  OF  OBSTETRICS  AND  GYNECOLOGY.  Twelve 
volumes,  8vo.  Profusely  illustrated  by  colored  plates.  Lithographs 
in  tint  and  nearly  two  thousand  wood-engravings.      The  set,  $10.00  net. 

Paget,  Stephen,  F.R.C.S.  Lond. 

ESSAYS  FOR  STUDENTS.  This  little  work  is  intended  to  illustrate 
cases  which  occur  in  hospital  work  and  in  private  practice.  It  includes 
cases  of  strangulated  and  umbilical  hernia,  with  operations,  results,  etc. 
— cancer  of  the  breast — very  interesting  "run-over  cases,"  describing  the 
results  of  heavy  weights  passing  over  different  parts  of  the  body — treat- 
ment and  results — aural  and  nasal  cases.  One  volume  of  180  pages,  8vo, 
muslin,  $1.00  net. 

Parkes,  E.,  H.D. 

A  MANUAL  OF  PRACTICAL  HYGIENE.  Edited  by  F.  S.  B. 
FRANgois  DE  Chaumont,  M.D.  Sixth  edition.  With  an  Appendix, 
giving  the  American  practice  in  matters  relating  to  hygiene.  Pre- 
pared by  and  under  the  supervision  of  Frederick  N.  Owen,  Civil  and 
Sanitary  Engineer.  Two  volumes  in  one,  8vo,  946  pages.  Illustrated 
with  nine  full-page  plates  and  fine  wood-engravings,  muslin,  $4.00  net. 

Partridge,  Edward  L.,  fl.D., 

New  York  City. 

THE  OBSTETRICAL  REMEMBRANCER.  Profusely  illustrated 
with  miniature  wood-engravings.  (Wood's  Pocket  Manuals.)  32mo, 
muslin,  $1.00  net. 

Paschkis,  Heinrich. 

COSMETICS.  A  Treatise  for  Physicians.  A  complett  translation  from 
the  German  edition.     204  pages,  paper,  50c.  net. 
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Pictures  for  Physicians'  Oftices  and  Libraries 


Edward  Jenner,  the  first  Inocula- 
tion of  Vaccine,  May  14,  1796. 

Andrew  Vesalius,  the  Anatomist. 

Spoonful  Every  Hour. 

The  Sick  Wife. 

Ambrose  Pare  Demonstrating  the 
Use  of  Ligatures. 

The  Young  Mother. 

The  Village  Doctor. 


Prof.  Charcot's  Clinic  at  the  *' Salpc- 
tnere  "  Hospital,  Before  the  Oper- 
ation. 
The  Rebellious  Patient. 
Study  in  Anatomy. 
William   Harvey  Demonstrating  the 

Circulation  of  the  Blood. 
The  Anatomical  Lecture. 
The  Accident. 
The  Doctor. 
Anaesthesia. 
Size  of  each,  19x24  inches.     Price,  each  $1.00;/^/.      Illustrated  catalogue 

sent  upon  application. 
Prof.  Billroth's  Clinic,  Vienna,  size  24x32,  $2.00  net. 

Piffard,  Henry  Q.,  A.n.,  A.D., 

Professor  of  Dermatology,  University  of  the  City  of  New  York  ;  Surgeon  to  the  Charity  HospitJil. 

A^  GUIDE  TO  URINARY  ANALYSIS  FOR  THE  USE  OF  PHY- 
SICIANS AND  STUDENTS.     8vo,  Z^  pages,  illustrated,  $1.00  net. 

Pilcher,  L.  5.,  M.D. 

THE  TREATMENT  OF  WOUNDS.  Its  Principles  and  Practice, 
General  and  Special. 

"  It  is  in  every  way  a  credit  to  American   scholarship." — N'ew    York  Medical 
Journal,  April  ist,  1899. 

One  volume,  8vo,  465  pages,  profusely  illustrated.      Price,  $3.00  lut. 

Porter,  William  Henry,  fl.D., 

Late  Professor  of  CUnical  Medicine  and  Pathology  ia  the  New  York  Post-Graduate  Medical  School 
and  Hospital ;  Curator  to  the  Presbyterian  Hospital. 

A  PRACTICAL  TREATISE  ON  RENAL  DISEASES  AND  URI- 
NARY   ANALYSIS.      360   pages,  one   hundred    illustrations,    muslin, 

$2.50  net. 

Pozzi,  S.,  M.D., 

Professeur  Agr6ge  ä  la  Facultö  de  Medecine,  Chirurgien  de  THöpital  Lourcine-Pascal,  Paris. 

TREATISE    ON     MEDICAL    AND    SURGICAL    GYN^XOLOGY. 

Translated  from  the  third  French  edition,  under  the  supervision  of 
Brooks  H.  Wells,  M.D.,  Lecturer  on  Gynaecology  at  the  New  York 
Polyclinic  ;  Fellow  of  the  New  York  Obstetrical  Society  and  the  New 
York  Academy  of  Medicine.  One  royal  8vo  volume  of  about  936  pages, 
illustrated  by  600  fine  wood-engravings.  Muslin,  $5.50  net ;  leather. 
$6.25  net. 

Rabagliati,  A., 

Honorary  Gynecologist,  Late  Senior  Honorary  Surgeon,  Bradford  Royal  Infirmary. 

AIR,  FOOD,  AND  EXERCISE.  AN  ESSAY  ON  THE  PREDIS- 
POSING CAUSES  OF  DISEASE.  Second  edition.  Small  8vo, 
236  pages,  $2.00  net. 
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Reference  Handbook  of  the  Medical  Sciences. 

By  various  authors.  Edited  by  Albert  H.  Buck,  M.D.,  Clinical  Pro- 
fessor of  the  Diseases  of  the  Ear,  in  the  College  of  Physicians  and  Sur- 
geons, New  York;  Consulting  Aural  Surgeon,  New  York  Eye  and  Ear 
Infirmary.  Nine  volumes,  imperial  8vo,  musUn,  $6.00  per  volume; 
leather,  ^7.00  per  volume;  half-morocco,  $8.00  per  volume.  (Subscrip- 
tion.)    Circular  on  application. 

Reynolds,  Edward, 

Fellow  of  the  American  Gynecological  Society;  of  the  Obstetric  Society  of  Boston,  etc.-,  Assistant 
in  Obstetrics  in  Harvard  University;  Physician  to  Out-Patients  of  the  Boston  Lying-in  Hos- 
pital, etc. 

PRACTICAL  MIDWIFERY.  A  Hanübook  of  Treatment.  Third 
revised  edition.  8vo,  427  pages,  small  octavo,  121  illustrations.  Mus- 
lin, $2.25  net. 

Ringer,  Sidney,  fl.D.,  F.R.S., 

Professor  of  Clinical  Medicine  Holme  University  College  ;  Physician  to  University  College  Hospital 
and 

Sainsbury,  Harrington,  H.D.,  F.R.C.P., 

Physician  to  the  Royal  Free  Hospital,  etc.,  etc. 

A  HANDBOOK  OF  THERAPEUTICS.  Thirteenth  edition.  8vo, 
757  pages,  muslin,  $4.00  net. 

Robson,  A.  W.  Mayo,  F.R.C.S., 

Leeds,  Eng. 

DISEASES    OF    THE     GALL-BLADDER     AND     BILE     DUCTS. 

One  volume,  octavo.      {^New  edition  in  press) 

Rockwell,  A.  D.,  A.M.,  M.D. 

THE  MEDICAL  AND  SURGICAL  USES  OF  ELECTRICITY. 
Entirely  rewritten  from  the  former  book  by  Beard  and  Rockwell.  One 
large  8vo  volume  of  628  pages,  profusely  illustrated.  MusHn,  $3.75 
7iet;  sheep,  $4.50  net. 

Rose,  William,  M.B.,  B.S.  Lond.,  F.R.C.S.,  and 
earless,  Albert,  M.S.  Lond.,  F.R.C.S. 

A  MANUAL  OF  SURGERY  FOR  STUDENTS  AND  PRACTI- 
TIONERS. One  volume,  1,170  pages,  profusely  illustrated.  Octavo, 
muslin,  $5.00  net ;  leather,  $5.75  net.  The  smallest  complete  surgery 
published. 

Roosa,  D.  B.  St.  John,  fl.D.,  and  Ely,  Edward  T.,  fl.D. 

OPHTHALMIC  AND  OTIC  MEMORANDA.  (Wood's  Pocket  Man- 
uals.)   Fourth  edition.    One  volume,  32mo,  298  pages,  muslin,  $1.00  nrt 
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Roosa,  D.  B.  St.  John,  fl.D., 

Professor  of  Diseases  of  the  Eye  and  Ear  in  the  University  of  the  City  of  New  York  :  Surgeon  to 
the  Manhattan  Eye  and  Ear  Hospital ;  Consulting  Surgeon  to  the  Brooklyn  Eye  and  Ear 
Hospital ;  formerly  President  of  the  Medical  Society  of  the  State  of  New  York  ;  Corresponding 
Member  of  the  Medico-Chirurgical  Society  of  Edinburgh  ;  Member  of  the  Medical  Society  of  the 
County  of  New  York,  etc. 

TEXT-BOOK  ON  DISEASES  OF  THE  EYE.  Including  a  sketch 
of  its  anatomy.  Illustrated  by  178  engravings  and  2  chromo-litho- 
graphic  plates.      Muslin,  $4.50  netj  leather,  $5.25  ?iet. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  THE  EAR, 
INCLUDING  THE  ANATOMY  OF  THE  ORGAN.  Seventh  edi- 
tion. One  volume,  8vo,  763  pages.  Illustrated  by  140  wood-engravings 
and  chromo-lithographs,.  muslin,  $4.50  net ;    leather,  $5.25  7iet. 

A  VEST-POCKET  MEDICAL  LEXICON.  Being  a  Dictionary  of  the 
Words,  Terms,  and  Symbols  of  Medical  Science.  Collated  from  the 
best  authorities,  with  the  additions  of  words  not  before  introduced  into 
a  Lexicon.  With  an  Appendix.  Third  revised  and  enlarged  edition. 
One  volume,  64mo,  roan,  75c.  net;  or  tucks,  $1.00  net. 

THE  OLD  HOSPITAL,  AND  OTHER  PAPERS.  Being  the  second 
revised  and  enlarged  edition  of  "A  Doctor's  Suggestions."  8vo,  320 
pages,  gilt  top,  uncut,  dark  olive  cloth,  $3.00  net. 

Roth,  Otto. 

THE  MATERIA  MEDICA  OF  MODERN  MEDICINE.  Second 
edition.  Translated  from  the  revised  German  edition  and  adapted  to 
the  U.  S.  Pharmacopoeia.      8vo,  467  pages,  muslin,  $1.75  net. 

Sachs,  B.,  n.D., 

Professor  of  Mental  and  Nervous  Diseases  in  the  New  York  Polyclinic  :  Consulting  Neurologist  to 
the  Mt.  Sinai  Hospital :  Neurologist  to  theMontefiore  Home  for  Chronic  Invahds  :  Ex-President 
of  the  American  Neurological  Association. 

A  TREATISE  ON  THE  NERVOUS  DISEASES  OF  CHILDREN. 
For  Physicians  and  Students.  Sxo,  688  pages,  profusely  illustrated  with 
colored  plate,  muslin,  $4.25  net. 

Salomonsen,  C.  J.,  and  Trelease,  William. 

BACTERIOLOGICAL  TECHNOLOGY  FOR  PHYSICIANS.  Au- 
thorized translation  from  the  Second  Revised  Danish  edition.  8vo,  163 
pages,  72   illustrations,  muslin,  $1.25  net. 

Schaeffer,  Oscar,  M.D.  Heidelberg. 

ANATOMICAL  ATLAS  OF  OBSTETRIC  DIAGNOSIS  AND 
TREATMENT.  Sixty-four  beautifully  executed  full-page  Chromo- 
lithographie plates,  containing  142  figures.  Together  with  250  pages 
of  descriptive  text  and  treatise.  (Volume  IV,  of  Wood's  Medical  Hand 
Atlases.)     Muslin,  $3.00  net. 

ATLAS  AND  ELEMENTS  OF  GYNAECOLOGY.  Sixty-four  superb- 
ly executed  colored  plates,  comprising  159  figures,  with  description  and 
a  short  treatise,  illustrated  by  54  wood  engravings.  (Volume  V.  of 
Wood's  Medical  Hand  Atlases.)     Muslin,  I3.00  net. 
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Schmidt=Rimpler,  Dr.  Herman, 

Professor  of  Ophthalmology  and  Disea^s  of  the  Ophthalmoscopic  Clinic  at  Marburg,  Germany. 

OPHTHALMOLOGY  AND  OPHTHALMOSCOPY.  A  Complete 
Treatise  upon  Diseases  and  Injuries  to  the  Eye,  for  Students  and  Prac- 
titioners of  Medicine.  Revised  and  edited  by  D.  B.  St.  John  Roosa, 
M.D.,  Professor  of  Diseases  of  the  Eye  and  Ear  in  the  New  York  Post- 
Graduate  Medical  School  ;  Surgeon  to  the  Manhattan  Eye  and  Ear 
Hospital,  etc.  Royal  8vo,  571  pages,  illustrated  by  1-83  wood-engravings 
and  by  three  colored  plates.     Muslin,  $5.00  net. 

Schreiber,  August. 

GENERAL  ORTHOPEDICS,  INCLUDING  ORTHOPEDIC  SUR- 
GERY. Complete  translation  from  the  original  German  edition.  8vo, 
357  pages,  388  illustrations,  muslin,  $1.75  net. 

Schroeder,  Aimee  Raymond,  M.D. 

HEALTH  NOTES  FOR  YOUNG  WIVES.  i2mo,  218  pages,  fancy 
half  cloth,  $1.00  net. 

Semeleder,  Dr.  Friedrich, 

Formerly  Physician  in  Ordinary  to  his  Majesty,  the  Emperor  of  Mexico ;  Member  of  the  Royal 
Medical  Society  of  Vienna  and  of  the  Medical  Society  of  Pantheon  in  Paris  ;  Formerly  Member 
of  the  Medical  Faculty  of  the  University  of  Vienna,  and  Surgeon  to  the  Branch  Hospital  at 
Gumpendorf. 

RHINOSCOPY  AND  LARYNGOSCOPY:  THEIR  VALUE  IN 
PRACTICAL  MEDICINE.  Translated  from  the  German  by  Edward 
T.  Caswell,  M.D.  With  woodcuts  and  two  chromo-lithographic  plates. 
8vo,  191  pages,  muslin,  $2.50  net. 

Sexton,  Samuel,  M.D., 

Aural  Surgeon  to  the  New  York  Eye  and  Ear  Infirmary ;  Fellow  of  the  American  Otological 
Society  ;  Fellow  of  the  New  York  Academy  of  Medicine  ;  Member  of  the  Medical  Society  of  the 
County  of  New  York,  and  of  the  Practitioners'  Society  of  New  York. 

THE  EAR  AND  ITS  DISEASES,  BEING  PRACTICAL  CONTRI- 
BUTIONS TO  THE  STUDY  OF  OTOLOGY.  Edited  by  Christ- 
opher J.  CoLLES,  M.D.     8vo,  473  pages,  illustrated,  muslin,  $3.25  net. 

Smart,  Chas.,  M.D.,  Major  U.S.A. 

A  HANDBOOK  FOR  THE  HOSPITAL  CORPS  OF  THE  UNITED 
STATES  ARMY  AND  STATE  MILITARY  FORCES.  New  edi- 
tion, revised  and  enlarged  (1898).  358  pages,  illustrated,  extra  muslin. 
Price,  $2.25  net. 

Spencer,  Walter  Q.,  M.B.,  M.S.,  F.R.C.S.,  London. 

OUTLINES  OF  PRACTICAL  SURGERY.  This  is  not  only  the 
newest  book  on  Surgery,  and  therefore  indispensable  to  the  progressive 
surgeon,  but  it  is  of  much  value  for  other  reasons.  For  ready  consul- 
tation it  is  probably  unsurpassed,  since  theoretical  discussions  and  dis- 
puted points  find  no  place  in  its  pages,  which  are  devoted  to  a  practical 
consideration  of  purely  practical  matters.  One  volume  of  704  pages, 
8vo,  well  illustrated  by  wood-engravings.     Extra  muslin,  ;?5.oo  net. 
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Starr,  M.  Allen,  M.D.,  Ph.D., 


Professor  of  Diseases  of  the  Mind  and  Nervous  System  ;  College  of  Physicians  and  Surgeons,  New- 
York. 

FAMILIAR  FORMS  OF  NERVOUS  DISEASE.  With  illustrations, 
diagrams,  and  charts.     8vo,  350  pages,  muslin,  $2.50  net. 

BRAIN  SURGERY.     8vo,  306  pages,  illustrated,  muslin,  $2.50  net. 

Steel,  J.  H.,  M.D. 

OUTLINE  OF  EQUINE  ANATOMY.  A  Manual  for  the  use  ot  Veteri- 
nary Students  in  the  Dissecting  Room.  i2mo,  312  pages,  muslin,  $2.50 
net. 

Stewart,  R.  W.,  H.D.,  M.R.C.S., 

Pittsburg. 

THE  DISEASES  OF  THE  MALE  URETHRA.  One  volume  of 
229  pages,  post-octavo,  illustrated  by  numerous  wood-engravings.  Mus- 
lin.   $2.25    net ;    flexible    morocco,    $3.00  net.     {Medical  Practitioners' 

Libi  ary,) 

Sternberg,  George  M.,  M.D.,  F.R.M.S., 

Surgeon-General  U.  S.  Army;  Director  of  the  Hoagland  Laboratory,  Brooklj-n.  N.  Y.:  Honorary 
Member  of  the  Epidemiological  Society  of  London,  of  the  Royal  Academy'of  Medicine  of  Rome, 
of  the  Academy  of  Medicine  of  Rio  de  Janeiro,  of  the  American  Academy  of  Medicine,  etc. 

A   TEXT-BOOK  OF    BACTERIOLOGY.     One  volume,  large  8vo,  693. 

pages,  illustrated  by  heliotype  and  chromo-lithographic  plates  and  two 

hundred  engravings  in  black  and  colors.    Extra  muslin,  $4.50  net;  brown 

sheep,  $5.25  net. 
A    MANUAL    OF    BACTERIOLOGY.     Illustrated    by   heliotype    and 

chromo-lithographic  plates  and  321    engravings  in  black    and    colors. 

8vo,  850  pages,  muslin,  $8.00  iiet ;  leather,  $9.00  7iet. 
IMMUNITY:    PROTECTIVE  INOCULATIONS    IN  INFECTIOUS 

DISEASES  AND  SERUM-THERAPY.     Post  8vo,  332  pages,  musHn, 

$2.00  iiet;  flexible  morocco,  $2.75  net. 

Stevenson,  W.  F.,  A.B.,  M.B.,  M.Ch.  Dublin  Univ., 

Surgeon-Colonel  (Army  Medical  Staff,  British  Army j  ;  Professor  of  Military  Surgery,  Army  Medi- 
cal School,  Netley. 

WOUNDS  IN  WAR;  THE  MECHANISM  OF  THEIR  PRODUC- 
TION AND  THEIR  TREATMENT.  One  volume,  8vo,  450  pages, 
profusely  illustrated  by  half-tone  plates,  etc.,  muslin.     Price,  $4.00  net. 

Stev^art,  T.  Grainger,  M.D., 

Fellow  of  the  Royal  College  of  Physicians  ;  Physician  to  the  Royal  Infirmary  :  Lecturer  on  Clinical 
Medicine;  forrnerly  Pathologist  to  the  Royal  Infirmary;  Lecturer  in  "General  Pathology  at 
Surgeons'  Hall,  and  Physician  to  the  Royal  Hospital  for  Sick  Children  ;  Extraordinary  Member 
and  formerly  President  of  the  Royal  Medical  Society  of  Edinburgh. 

CLINICAL    LECTURES     ON     ALBUMINURIA.       8vo,   261    pages, 

muslin,  $2.00  net. 

Supplement    to    the    International    Encyclopedia    of 
Surgery. 

One  imp.  8vo  volume,  of  1,136  pages,  illustrated.  Muslin,  $6.00  ;  leather.. 
$7.00;  half  morocco,  $8.00.     Circular  on  application. 
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Surgery,  International  Encyclopedia  of. 

By  Various  Authors.  Edited  by  Dr.  John  Ashhurst,  Jr.  Seven  volumes, 
including  Supplement,  imp.  8vo,  of  about  950  pages  each,  muslin,  $6.00  ; 
leather,  $7.00  ;  half  morocco,  $8.00.    Send  for  circulars.     (Subscription.) 

Tait's,  Lawson,  Perineal  Operations,    see  ncKay. 
Thomas,  John  J. 

Revised  and  Enlarged  by  WILLIAM  H.  S.  WOOD,  Esq. 

THE  AMERICAN  FRUIT  CULTURIST.  Twentieth  edition.  Post 
8vo,    784  pages,  illustrated  by  800  wood-engravings.     Muslin,  $2.50. 


Turner,  Dawson,  V.A.,  M.D., 

Lecturer  ou  Medical  Physics  and  Electro-Therapeutics,  Surgeons'  Hall,  Edinburgh. 

A    MANUAL    OF    PRACTICAL   MEDICAL   ELECTRICITY.     One 

volume,   8vo,  351    pages,  profusely  illustrated  by  wood  engravings  and 
full-page  half-tones,  $2.50  net. 


Twentieth  Century  Practice. 

AN  INTERNATIONAL  ENCYCLOPEDIA  OF  MODERN  MEDICAL 
SCIENCE.  By  Leading  Authorities  of  Europe  and  America.  Edited 
by  Thomas  L.  Stedman,  M.D.,  New  York  City.  To  be  completed  in 
20  volumes,  royal  8vo,  published  one  every  three  months.  Muslin, 
$5.00,  leather,  f  6. 00;  half  morocco,  $7.50.  Fifteen  volumes  now  ready. 
(Subscription.)     Circulars  on  application. 


Vest = Pocket  fledical  Dictionary,    see  Buck. 


Veterinarian's  Visiting  List  and  Call=Book. 

By  D.  P.  YoNKERMAN,  D.V.S.  Twenty  pages  of  closely  printed  matter 
essential  to  the  veterinarian,  and  blank  pages,  specially  arranged,  for 
full  record  of  cases,  etc.,  etc.  Bound  in  black  morocco  cover,  with  flap 
and  pocket — pocket-book  style,  $1.25  net. 

Visiting  List  (Medical  Record),  or  Physician's  Diary. 

Containing,  besides  the  diary,  much  useful  information  on  many  subjects  of 
daily  interest  to  the  physician.  Prices:  For  thirty  patients  a  week; 
handsome  red  or  black' leather  binding,  with  or  without  dates,  $1.25, 
for  sixty  patients  a  week,  same  style,  with  or  without  dates,  $1.50. 

Removable,  fitting  into  black  sealskin  and  calf  wallets,  from  $2.50  to  $4.00. 
Send  for  a  circular.     Prices  all  net. 
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Walsh,  David,  M.D., 

Edinburjrh.  Physician,  Weston  Skin  Hospital,  London  :  Honorary  Secretary,  London  Roentgen 
Society,  London. 

PREMATURE  BURIAL;  FACT  AND  FICTION.  8vo,  49  pages, 
50  cents  ne^. 

EXCRETORY  IRRITATION,  AND  THE  ACTION  OF  CERTAIN 
INTERNAL  REMEDIES  ON  THE  SKIN.  One  volume,  8vo,  76 
pages,  75  cents  ;/^/. 

ROENTGEN  RAYS  IN  MEDICAL  WORK.  One  volume,  8vo,  pro- 
fusely illustrated  by  wood  engravings  and  a  great  number  of  full-page 
half-tone  plates,  $2.25  /i^t. 

Walsham,   W.  J.,    H.B.,  CH.  Aberd.,  F.R.C.S.  Eng., 

Senior  Assistant-Surgeon,  Lecturer  on  Surgery,  and  Surgeon-in-Charge  of  the  Orthopedic  De- 
partment, St.  Bartholomew's  Hospital,  etc. 

NASAL  OBSTRUCTION;  THE  DIAGNOSIS  OF  THE  VARIOUS 
CONDITIONS  CAUSING  IT,  AND  THEIR  TREATMENT.     362 

pages,  profusely  illustrated,  8vo,  muslin,  $2.50  ne^. 

Walsham  and 

Hughes,  Wm.  Kent,  H.B.  Lond.,  H.B.  Helb., 
n.R.C.S.  Eng.,  L.R.C.P.  Lond., 

Orthopedic  Surgeon.  St.  Vincent's  Hospital :  Assistant  Surgeon,  Children's  Hospital.  Melbourne. 

THE  DEFORMITIES  OF  THE  HUMAN  FOOT,  WITH  THEIR 
TREA  TMENT.  558  pages,  post  8vo,  profusely  illustrated  by  296 
engravings,  muslin,  $4.00  ;/<f/. 

Warren,  J.  Collins,  M.D., 

Assistant  Professor  of  Surgery,  Harvard  University ;  Surgeon  to  the  Massachusetts  General 
Hospital ;  Member  American  Surgical  Association ';  Honorary  Fellow  Philadelphia  Academy  of 
Surgery. 

THE  HEALING  OF  ARTERIES  AFTER  LIGATURE  IN  MAN 
AND  ANIMALS.  8vo,  184  pages.  Superbly  illustrated  with  twelve 
full-page  plates  in  black  and  colors.     Muslin,  $2.75  ;/^/. 

Whittaker,  J.  T.,  M.D.,  LL.D., 

Professor  of  the  Theory  and  Pi'actice  of  Medicine.  Medical  College  of  Ohio,  etc.,  etc. 

A  PRACTICE  OF  MEDICINE,  PREPARED  FOR  STUDENTS  AND 
PRACTITIONERS.  8vo,  700  pages,  illustrated,  muslin,  $4.75 
;ie/  ;  leather,  $5.50  ;/<?/. 

Wendt,  Edmund  C,  M.D., 

Curator  of  St.  Francis  Hospital ;  Pathologist  and  Curator  of  the  New  York  Infant  Hospital,  etc. 

A  TREATISE  ON  CHOLERA.  Edited  and  prepared  in  Association 
with  John  C.  Peters,  M.D.,  New  York  ;  John  B.  Hamilton,  M.D., 
Surgeon-General  U.  S.  Marine  Hospital  Service,  and  Ely  McClellan, 
M.D.,  Surgeon  U.  S.  Army.  8vo,  503  pages,  illustrated  with  maps 
and  engravings,  muslin,  $2.50  ne/. 
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Williams,  J.  W.  Hume, 

Of  the  Middle  Temple,  Barrister-at-Law,  London. 

UNSOUNDNESS  OF  MIND  IN  ITS  LEGAL  AND  MEDICAL 
CONSIDERATIONS.  A  complete  reprint  of  this  important  work. 
8vo,  166  pages,  muslin,  $1.50  net. 

Witthaus,  R.  A.,  A.M.,  M.D., 

Professor  of  Medical  Chemistry  and  Toxicology  iu  the  University  of  Vermont ;  Member  of  the 
Chemical  Societies  of  Paris  and  Berlin,  etc. 

THE  MEDICAL  STUDENT'S  MANUAL  OF  CHEMISTRY. 
(American  Series  of  Medical  Text-Books.)  Fourth  revised  edition. 
556  pages  and  62  woodcuts,  muslin,  $3.25  net. 

ESSENTIALS    OF    CHEMISTRY   AND    TOXICOLOGY.       For    the 

Use    of    Students    in    Medicine.      Twelfth    edition.      (Wood's    Pocket 
Manuals.)     32mo,  319  pages,  muslin,  $1.00  7iet. 

GUIDE  TO  URINALYSIS  AND  TOXICOLOGY.  For  Students 
and  Practitioners.  Fourth  revised  edition.  Oblong  i2mo,  interleaved, 
muslin,  $1.00  7iet. 

Witthaus,  R.  A.,  M.D.,  and  Becker,  T.  C,  Esq. 

With  a  staff  of  Collaborators. 

MEDICAL  JURISPRUDENCE  AND  TOXICOLOGY.  Four  vol- 
umes, 8vo,  bound  in  muslin  and  leather,  at  .$5.00  and  $6.00  respectively. 
(Subscription.)     Circulars  on  application. 

Wood's  Household  Practice  of  Medicine,  Hygiene,  and 
Surgery. 

A  Practical  Treatise  for  the  Use  of  Families,  Travellers,  Seamen,  Miners, 
and  others.  By  Various  Authors.  8vo,  765  pages,  illustrated  by 
colored  lithographic  plates  and  five  hundred  fine  wood-engravings. 
Muslin,  $5.00  net. 

Wood's  Index  Rerum. 

:^The  finest  arrangement  yet  devised  for  all  ready  record  and  reference 
g^purposes.     For  professional  use  in  recording  your  cases,  or  in  grouping 
""     your  cases  from  your  case  books.      Patent    index.       Vowel    arrange- 
ment.    Bound  for  permanency  in  ledger  binding,  $5.00  net. 

Wood's  Pocket  Lexicon. 

See  ROOSA. 

Woodburn,  W.  D.,  L.D.S., 

Glasgow,  Scotland. 

ON  EXTRACTION,  WITH  NOTES  ON  THE  ANATOMY  AND 
PHYSIOLOGY  OF  THE  TEETH.  One  volume,  i2mo,  104  pages, 
profusely  illustrated.     Extra  muslin,  $1.25  net. 
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Yonkerman,    D.    P.        see  veterinarian's  Visiting  List. 

Ziegler,  Ernst, 

Professor  of  Pathological  Anatomy  and  of  General  Pathology  in  the  University  of  Freiburg. 

TEXT-BOOK  OF  GENERAL  PAl^HOLOGY.  Royal  8vo,  6i8  pages, 
with  542  illustrations  in  black  and  numerous  tints,  and  a  chromo-litho- 
graphic  plate.  Ninth  revised  and  enlarged  edition.  Muslin,  $5.00 
7iet ;   leather,  $5.75  net. 

Ziemssen,  H.  von,  M.D.  Munich. 

CYCLOPEDIA   OF   THE   PRACTICE   OF   MEDICINE.       By  Vari- 
ous Authors.      Complete    in    twenty   volumes,    royal    8vo.     Price    per 
volume,   in   muslin,   $5.00;  in   leather,  .$6.00;   in  half  morocco,  $7.50 
(Subscription.)     Circulars  on  application. 


WOOD'S  MEDICAL  HAND  ATLASES. 

Atlas  I.     OPHTHALMOLOGY  AND  OPHTHALMOSCOPIC  DIAGNOSIS.     By  Prof.  Ur. 

O.  Haab,  of  Zurich.     ^3.00  )iet.     102  superbly  colored  figures,  upon  64  plates. 

Atlas  IL  THE  NERVOUS  SYSTEM  IN  HEALTH  AND  DISEASE.  By  Dr.  Chr. 
Jakob,  of  Erlangen.     ^3.00  7iet.     221   figures,   on  78  plates,  3  of  them  being  folding 

charts. 

Atlas  III.  AN  ATLAS  OF  FRACTURES  AND  DISLOCATIONS.  By  H.  Helferich. 
M.D.,  of  Greifswald.  Translated  by  J(jnatha.\  Hutch rxsoN,  Jr.  (London).  $3.00 
7iet.     Second  revised  edition.     68  plates  and   126  figures  in  the  text. 

Atlas  IV.  ANATOMICAL  ATLAS  OF  OBSTETRIC  DIAGNOSIS  AND  THERA- 
PEUTICS.    By  Dr.  O.  Schaeffer.     ^3.00  net.     145  figures  in  color,  upon  56  plates. 

Atlas  V.  ATLAS  OF  GYNAECOLOGY.  By  Dr.  Ü.  Schaeffer.  $3.00  7iet.  175  figures 
in  color,  upon  64  plates. 

Atlas  VI.     ATLAS    AND    ESSENTIALS    OF    BACTERIOLOGY.        By    Prof.    K.    B. 

Lehmann  and  Dr.  Rudolf  Neumann.     ^3.00  net.     597  figures,  upon  63  plates. 

Atlases  VIL  and  VIII.  ATLAS  AND  ESSENTIALS  OF  PATHOLOGICAL  ANATOMY. 
By  Prof.  Dr.  Bollinger.     (Two  volumes.) 

Vol.  I. — Circulatory,  Respiratory,  and  Digestive  Apparatus,  including  the  Liver, 
Bile  Ducts,  and  Pancreas.  69  colored  figures,  upon  60  plates,  and  18  illustrations  in 
the  text.     ^3.00  net. 

Vol.  II. — Urinary  Apparatus,  Sexual  Organs.  Nervous  System,  and  Bones.  63  col- 
ored figures,  upon  52  plates,  and  17  illustrations  in  the  text.     $3.00  net. 


Upon  receipt  of  four  cents  in  stamps,  to  pay  postage,  sample  plates  from  these  volumes 
will  be  sent  free  to  any  address. 
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